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2. PRODUCT GUIDE (DRAM) 
; Power Packages 
Densit Part Number |Speed(ns 
Pensity} Org. Supply | Partnumber [speedins} Features | Pamages 
| IMbit }1Mx1 5V+10% | KM41C1000D# 60/70/80 Fast Page 
KM41C1000D-L# ‘i 
256Kx4 [5V+10% | KM44C256D# 60/70/80 Fast Page 
KM44C256D-L# 
4Mx1 5Vt10% | KM41C4000C#  150/60/70/80| Fast Page 
KM41C4000CL# 
KM41C4002C# Static Column 


3.3V+0.3Vi KM41V4000C# 60/70/80 Fast Page 
KM41V4000CL# : 


1Mx4 [5V+10% | KM44C1000C#  {50/60/70/80) Fast Page 
KM44C1000CL# 
KM44C1010C# Fast Page with WPB 
KM44C1002C# Static Column 
| KM44C1003C# | | Quad CAS 
‘| KM44C1003CL# 
KM44C1004C# EDO 
KM44C1004CL# 
3.3V+0.3V) KM44V1000C# 60/70/80 | Fast Page 
KM44V1000CL# 
KM44V1004C# EDO ; 
KM44V1004CL# 
512Kx8 |5V+10% | KM48C512B# 50/60/70/80, Fast Page 
KM48C512BL# 
KM48C514B# EDO 
KM48C514BL# 
3.3V40.3V4) KM48V512B# —_ {60/70/80 | Fast Page 
KM48V512BL# : 
KM48V514B# EDO | 
KM48V514BL# 


512Kx9 |5V+10% | KM49C512B# 60/70/80 Fast Page 
KM49C512BL# 


KM416C256B# = |50/60/70/80| Fast Page 
KM416C256BL# 
KM416C254B# 
KM416C254BL# 


P:18 Pin DIP (1Mx1) 
20 Pin DIP (256Kx4) 
J:20 Pin SOJ 
Z:20 Pin ZIP 
P:20 Pin DIP: 
J:20 Pin SOJ 
Z:20 Pin ZIP 
T:20 Pin TSOP-II (Forward) 
TR:20 Pin TSOP-II (Reverse 


*Quad CAS 
J:24 Pin SOJ 
T:24 Pin TSOP-II (Forward) 

TR:24 Pin TSOP-II (Reverse 


4M B/W J:28 Pin SOJ 
T:28 Pin TSOP-II(Forward) 


TR:28 Pin TSOP-II(Reverse) 


J:40 Pin SOJ 
T:40 Pin TSOP-1I (Forward) 
TR:40 Pin TSOP-IIl(Reverse) 
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4M B/W |256Kx16] 3.3V+0.34 KM416V256B# 60/70/80 | Fast Page(4K) J:40 Pin SOJ . 

KM416V256BL# T:40 Pin TSOP-II(Forward) 
KM416V254B# TR:40 Pin TSOP-II(Reverse 
KM416V254BL# 


256Kx18] 5V£10% | KM418C256B# 60/70/80 ‘| Fast Page 
KM418C256BL# 


16M bit ]16Mx1 |5V+10% |KM41C16000A# |50/60/70/80 Fast Page(4K) 
KM41C16000AL# 


| EDO 


J:24 Pin SOJ (400mil) 
T:24 Pin TSOP-II (Forward) 


KM41C16000ASL# (400mil) 
KM41C16002A# Static Column(4k) TR:24 Pin TSOP-II (Reverse 
(400mil) 


K:24 Pin SOJ (300mil) 

$:24 Pin TSOP-II(Forward) 
(300mil) 

SR:24 Pin TSOP-II(Reverse) 
(300mil) 


3.3V+0.34 KM41V16000A# 60/70/80 |} Fast Page(4K) 
KM41V16000AL# 
KM41V16000ASL# 


ILE KM44C4000A# 50/60/70/80 Fast Page(4Kk) 


KM44C4000AL# 
an e 


KM44C4100A# 
KM44C4100AL# 
KM44C4100ASL# 
KM44C4002A# 
KM44C4102A# 
KM44C4003A# 
KM44C4003AL# 
KM44C4003ASL# 
KM44C4103A# 
KM44C4103AL# 
KM44C4103ASL# 
KM44C4004A# 
KM44C4004AL# 
KM44C4004ASL# 
KM44C4104A# 
KM44C4104AL# 
KM44C4104ASL# 
KM44C4010A# 


Fast Page(2K) 


Static Column(4K) 
Static Column(2K) 
Quad CAS(4K) 


*Quad CAS 
J:28 Pin SOU 
T:28 Pin TSOP-II(Forward) 

TR:28 Pin TSOP-II(Reverse 


Quad CAS(2K) 


EDO(4K) 


EDO(2kK) 


Fast Page with WPB(4K) 
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Power Packages 
Supply | Part Number Speedins 


5V+10% | KM44C4110A# _|50/60/70/80 Fast Page with WPB(2K]J:24 Pin SOJ (400mil) 


3.3V+0.3V, KM44V4000A# {60/70/80 | Fast Page(4K) T:24 Pin TSOP-H (Forward) 


KM44V4000AL# (400mil) 

KM44V4000ASL# TR:24 Pin TSOP-II (Reverse 
50/60/70/80 
60/70/80 


KM44V4100A# (400mil) 


Fast Page(2K) 


KM44V4100ASL# S:24 Pin TSOP-II(Forward) 
KM44V4004A# (300mil) 
KM44V4004AL# SR:24 Pin TSOP-II(Reverse) 
KM44V4004ASL# (300mil) 
KM44V4104A# 
KM44V4104AL# 
KM44V4104ASL# 
KM48C2000A# 
KM48C2000AL# 
KM48C2000ASL# 
KM48C2100A# 
KM48C2100AL# 
KM48C2100ASL# 
KM48C2004A# 
KM48C2004AL# 
KM48C2004ASL# 
KM48C2104A# 
KM48C2104AL# 
KM48C2104ASL# 
KM48V2000A# 
KM48V2000AL# 
KM48V2000ASL# 
KM48V2100A# 
KM48V2100AL# 
KM48V2100ASL# 
_KM48V2004A# 
KM48V2004AL# 
KM48V2004ASL# 


EDO(4K) 


EDO(2K) 


5V+10% Fast Page(4k) J:28 Pin SOJ 
T:28 Pin TSOP-II (Forward) 


TR:28 Pin TSOP-II (Reverse 


Fast Page(2k) 


EDO(4K) 


EDO(2kK) 


Fast Page(4K) 


Fast Page(2k) 


KM44V4100AL# K:24 Pin SOJ(300mil) 
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16M ‘- 3.3V+0.3 60/70/80 | EDO(2K) 


1Mx16 |5V+10% 60/70/80 | Fast Page(4k) 
Fast Page(1K) 
EDO(4K) 
EDO(1K) 
Fast Page(4K) 
FLIEfTRANIFG | 


KM48V2104A# 
KM48V2104AL# 
KM48V2104ASL# 
KM416C1000A# 
KM416C1000A#-L 
KM416C1200A# 
KM416C1200A#-L 
KM416C1004A# 
KM416C1004A#-L 
KM416C1204A# 
KM416C1204A#-L 
KM416V/1000A# 
KM416V1000A#-L 
KM416V1200A# 
KM416V1200A4-L 
KM416V1004A# 
KM416V1004A#-L 
KM416V1204A# 
KM416V1204A8-L 
KM432V502# 
KM432V502#-L 
KM432V522# 
KM432V522#-L 
KM432V504# 
KM432V504#-L 
KM432V524# 
KM432V524#-L 


J:28 Pin SOJ 

T:28 Pin TSOP-Il (Forward) 
TR:28 Pin TSOP-II(Reverse 
J:42 Pin SOJ . 
T:44 Pin TSOP-II (Forward) 
R:44 Pin TSOP-iI(Reverse) 


Fast Page(1K) 


EDO(4K) 


EDO(1K) 


Fast Page(4k) T:70 Pin TSOP-II (Forward) 


R:70 Pin TSOP-II(Reverse) 


Fast Page(1K) 


EDO(4K) 


EDO(1K) 


70/80 


MEMORY ICs a FUNCTION GUIDE 


' Power Packages 
Densit Part Number /|Speed(ns Features 
Penaty) Ora. Supply [Partnumber [peecine] —Festures | POCHGP® 
64M bit | 16Mx4 [3.3V+0.3V, KM44V16000# 50/60/70 | Fast Page(8K) J: 34 Pin SOJ | 


KM44V16100# Fast Page(4K) 
KM48V8000# Fast Page(8K) 
KM48V8100# Fast Page(4K) 


50/60/70 


KM44V16000A# 
KM44V16000A#-L 
KM44V16100A# 
KM44V16100A#-L 
KM48V8000A# 
KM48V8000A#-L 
KM48V8100A# 
KM48V8100A#-L 


50/60/70 | Fast Page(8K) J: 32 Pin SOJ 
 T : 32 pin TSOP II(Forward) 


R : 32 pin TSOP II(Reverse) 


Fast Page(4K) 


50/60/70 | Fast Page(8k) 


Fast Page(4k) 


micerpamre . . eae 


MEMORY ICs 


FUNCTION GUIDE 


3. DRAM ORDERING SYSTEM 


SAMSUNG 
Memory 


DRAM 


Organization 


Product 


Density & Mode/Feature 


Revision 


1. SAMSUNG Memory 


2. DRAM(4) 

3. Organization 
Yo wwnnne ne ennnnnnn nnn n enn n nee n neem nnn x 1 
A cewennn nen enennnnn nn nen nen eennannnnnene x 4 
B  nwnwnnennen nn neem ene nne nnn enn nnennnnne x 8 
Q  wnnnonnnnnnennnanctnnnannnmenennanenwnn x 9 
16 nnannencnnnnnnnnnnnnnnnnnnnnnncnnnnnne x 16 
18 wan-nnnnen-nnnnnnencn name nnnnnnnennnen x 18 
BQ wnnnnnnnneccnnnenneccnnnnnnten ene cnnnees x 32 

4. Product 
C wanna neenernnnennnnenennnnnnennnennnne 5V 
VV wnnnnennnerennnnenennennnnnannnennnnnnn 3.3V 


5. Density & Mode/Feature 
Refer to the previous “Chapter 2. Product 
Guide." 


6. Revision 


Blank ------------n-n-------oecennnnnnn ist Gen 
A) wrennnnnnnnn nnn nner nen nn mene ennen 2nd Gen 
a 3rd Gen 
CC wenwannn nnn rnnn nnn nn nnn nnn nn nnnannnnnan 4th Gen 
D) -----------n on nn nnen ena nn nnn nce n nnn nnee 5th Gen 


6 7 8 9 
DEF-G 
Speed 
Package Type 
Power(DC Current) 
. Power(DC Current) 
Blank ---------------------rennenonnnnne Normal 
[i “Yea eee ee Low power 
with Self refresh 
Bl. vectonsE cee Super Low power 
Package Type 
i ages necra eset ree mec SOJ 
ST meccccccenenennnenecnenen TSOP II (Forward) 
TR nannnnnnnnnnnn anna nnnnnee TSOP II (Reverse) 
iw eteess cee Secebase DIP 
2 eee ZIP 
| eee meric cee SOJ(Shrinked PKG,SOJ) 
GB soe eee. TSOP II (Shrinked PKG,Forward) 
fn ace en TSOP II (Shrinked PKG,Reverse) 
Speed 
Pe oe eee 50 ns 
oe 60 ns 
- 7 -ene--------- 70 NS 
SE 5 aera 80 ns 


A FLErCTannire 
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MEMORY ICs 


FUNCTION GUIDE 


* NEW DRAM ORDERING SYSTEM 


This new DRAM ordering system will be used for all SAMSUNG's New DRAM products from 1995. 
In '95 DRAM Databook, only used for 1M 5th Gen., 16M Byte Word Wide 2nd Gen. and 64M DRAM. 


1 2 3 44 5 6 7 8 9g 
KM 4 AA 8B CCCCC D E - F GG 


SAMSUNG 
Memo Speed 
DRAM 
Organization Power(DC Current) 
Product 
Density & Mode/Feature 
Revision Package Type 
J nwnnncennwnennwnnennemnnnnn SOJ 
2. DRAM(4) TT nnesnennncennenscnnennnnnne TSOP II (Forward) 
el ear etre ecarcnnatac TSOP Il (Reverse) 
3. Organization P  w---------nnnnnnnnnnnnnnnne DIP 
| nnnnnnnnnnnnne ween enn ennnennnnn nen x1 Z_ wonnnceenentanencnenennnnne ZIP 
Venere corene XG K. wananensnennnneenennnnnnnn SOJ(Shrinked PKG,SOJ) 
aaa x8 Se TSOP Il (Shrinked PKG,Forward) 
a aa mre x9 W wnsnnnnnenconennennnnenene TSOP II (Shrinked PKG,Reverse) 
16 --neennnnnnnnnnnnnnnnnnnenenerennnennnn x 16 
1G Seo arenes eee x 18 8. Power(DC Current) 
So em x 32 BANK ---n--n-n--nsnnnnnnnnnnnnnnnnnnnnn Normal 
LS Low power 
4. Product with Self refresh 
CS 5V Fa Seseeerererceceieeeeerecr renee Super Low power 
Nee 3.3V 
9. Speed 
5. Density & Mode/Feature (Same) 6 Bj pespnondcoa 50 ns 
fe, = 6 nnnnnn----=--- 60 ns 
6. Revision Se 70 ns 
Blank --------------------0--0--e een nne 1st Gen. > 8 --------=----- 80 ns 
Ay wor enenennnnnennannenennenennmncnmnnnnn 2nd Gen 
BB -nnnanennnnnnnnnnnnnneemnnnnmnnnnnnnnnn 3rd Gen 
C ---wecrwewennnnnmancnnnnnnnanimennnennm 4th Gen 
D) ~nnnnnnnnnnnnnnnnnnnnnnnnnncenmnnnnnnnn 5th GEn 
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spEtigcientetts 


sesecersersrr: 


SSRSRRSESE SESE LS f° 


ae 


Sg et se arpa ae ween ae Siaeee weet oe 

0 ee a enw ne eh 

a - Poe ea. SE 
Mw ecw eee wie wars: 


ee OR Re NEE OEM OED COD OOF REEM 


¢ KM41C1000D 
« KM44C256D 


op 


sai 


KM41C1000D | | CMOS DRAM 


1M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 
DESCRIPTION 


This is a family of 1,048,576 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal 
or Low power) , and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have 
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 1Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES "Fast Page Mode operation 
* Part Identification ¢ CAS-before-RAS refresh capability 
- KM41C1000D/D-L(5V) « RAS-only and Hidden refresh capability 
¢ TTL(5V) compatible inputs and outputs 
° 256K x 4 fast test mode 
e JEDEC Standard pinout 


* Active Power Dissipation * Available in Plastic SOJ, ZIP and DIP packages 


¢ Single +5V+10% power supply 


Unit : mW 


FUNCTIONAL BLOCK DIAGRAM 


¢ Performance range: 


| -6 | 60ns | 15ns | 110ns | 40ns | 


Memory Array 
1,048,576 x 1 
Cells 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM41C1000D . CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM41C1000DJ ¢ KM41C1000DZ 


¢ KM41C1000DP 


Pin Name | Pin Function 
: aes AQ Address Inputs 


| Ground sd 
a ae Row Address Strobe 


Column Address Strobe |: 
| WY Read/Write Input 


‘ Power(+5.0V 
: 
a Test Function 
cc 


am ae 


ELECTRONICS 


KM41C1000D a CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


[Power dissipation SST SP | SOS 
Short circuit output current ee ee ee en ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device 


reliability. 


0 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Supplyvoltage | Ver | gs S| TCT 
V 


Ground $s 


inputhighvotage | Vm» | ea | - +4? vest? |v 


"1 : Vec+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2 : -2.0V at pulse width < 20ns (pulse is measured at Vss) 


< 


< 


< 


< 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


‘Input leakage current (Any input O<VinsVcc+0.5V 
all other pins not under test=0 volts.) 


Output leakage current 
(Data out is disabled, OV<VouTsVcc) 


Output high voltage level(lou=-5mA) _ H Peewee es 
Output low voltage level(lo.=4.2mA) I WOus, itr sof wii Ve 


PSamsungg 
ELECTRONICS | | | 


KM41C1000D BG | CMOS. DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


ce eh 
6 
Don't care =7 
-8 


A mA 
locs Don't care ta 
mA 


: “6 50 mA 
pe _— 3 20 mA 
= cs ees iy 

HA 


Icc1* : Operating current (RAS and CAS, Address cycling @tRC=min.) 

Icce : Standby current (RAS=CAS=W=Viv') 

Ices* : RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Icca* : Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.) 

Iccs : Standby current ( RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
Din=W=A0 ~ AQ = Vcc-0.2V or 0.2V , Tac= 125ps(L-ver), Tras=TRasmin~300 ns 


mA 
ube 


*NOTE : Icc1, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In icc1,. Icc3 . 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, Address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM41C1000D | | CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=5V, f=1MHz) 
Parameter 


Input capacitance [D 


Input capacitance [AO - A9] 
Input capacitance [RAS, CAS, W] 
Output capacitance [Q] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vil=2.4/0.8V, Voh/Vot =2.0/0.8V 


Paramtor Symi ws Um [oe 


Random read or write cycle time HG to) so} aso} me | 
Read-modify-write cycle time ftrpwe [ 130] | 150] | 170; | ns | 
Access time from RAS Fre ee aa 
Access time from CAS tcac | | ts | | 20 | | ao | ons | 3.4.5 | 
Access time from column address rank ia ae Se eee 
CAS to output in Low-Z fez | of |o}| jo} fw is | 
Output buffer turn-off dela ftorr | o | 15 [ o | 20] o | [ms | 6 | 
Transition time (rise and fall) : 50 | 3 | 50] ns | 2 | 
RAS precharge time ftap | ao] | sof [eo] | m= | | 
BAS pulse width [tras | 60 | i0k| 70 | 10k} a0 | 10K] ns | | 
RAS hold time Se 
CAS hold time es 8 
CAS pulse wiath 15 tox | 20 | rox 20 fox [ne | _ 
RAS to CAS delay time ftrco | 20/ 45 | 20 | so | a0 | 6 | ns | 4 | 
RAS to column address delay time ftpaD | 151 301 15 | 35 | 4s | 40 | ns | 10 | 
CAS to RAS precharge time fire | s/o | s{ {5 {| [ns | | 
Row address set-up time rasa | of [ol [olf [ns | | 
Row address hold time Pipa | tol [| wl] [if [ns | | 
Column address set-up time fwsc[ of [of [o{ [ns] | 
Column address hold time Fican | i5{ [| is] [as | [sons | 
Column address hold time referenced to RAS} tAR [sol | ss { |e] | ns | 4 | 
Column address to RAS lead time ftrar_| 30] | 35] [| 4 | [ns | 
Read command set-up time Pines 6: co Oso chee 
Read command hold time referenced to CAS fircH_ | o | =~] o |) ~ hd] cp |hChUdE ns | 8 
| Read. command hold time referenced to RAS ipph_ | o | | o| |o |] |r| | 
Write command hold time fwoo | to] | tol |i [ | ns | | 
Write command hold time referenced to RAS | tWCR | a5] | col) Cf es | | ons | 14 
Write command pulse width mei} {ao} tga {__|_as_)__ 
Write command to RAS lead time 15 fas] tas] as |] ons | 


[wate commandio ASteadtime cw | 15] | is] | is || ns | 


_ 
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AC CHARACTERISTICS (0°C<T:<70°C, See note 2) 


Data set-up time 
Data hold time tDH 
[Data hold timereferencedtoRAS | tOHR_| 50 | | ss | | oo | | ns fsa | 
[Refresh period(Normal) sss | tEF | =| 8 | ~h| 8 | | 8 | ms] 
Refresh period(t-ver) = te | | ze | | ze | | taza | ms | 
[Write command set-uptime sss | twes | o | =| o | flo | lls | 7 | 
_ [CAS to W delay time frown | is | [| 2 | {a | [ns [7 
BAS to W delay time __|rawo | co | | vm] fe] | ns | 7 | 
Column address toWdelaytime | awd | 30 | | a5 | | ao | | ons | 7 | 
TAS precharge toWdelaytime | tcpwo| 35 | | ao] | 45 | | ns | 
CAS set-up time (CAS-before-RAS refresh) | tcsR_| 5 | | 5 | [5 | | ns {| 
CAS hold time (CAS-before-RAS refresh) | tcHR | 15 | | 15 | [is | | ns | | 
RAS to CAS prechargetime Ss | npc | 5 | =| 5 |] ss || cs | 
CAS precharge time(CBR countertestcycle)| cpt _| 20 | | a5 | | 30 | | ns | 
[Access time fromCAS precharge | tcpa_ | | a5 | | a5 | | as | ns | 3 | 
Fast Pagemodecycietime ss | tec | ao | | as | [so | | ns | 
Fas\Easemode eatmochywtigcrde img YRWC 60. fap]. eA me 
ee es ee ee ee ee 
eee ee ee ee 


RAS hoidtime trom CAS precharge | ta | 40 | | 45 | | so | | ons | 


PSnmsunig | hea, 84 
ELECTRONICS | ne ere 


KM41C1000D | CMOS’ DRAM 


NOTES 


1 


10. 


11. 


12. 


13. 
14. 


An initial pause of 200s is required after power up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 

ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD> tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2>tWCS(min),the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. if tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAaWD=> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. a 
Normal operation requires the "TF" pin to be connected to Vss or TTL logic low level or left unconnected 
on the printed wiring board. 

When the "TF" pin is connected to a defined positive voltage, the internal test function may be activated. 
Contact Samsung for specific operational details of the "test function". 

In a test mode cycle, the value of tRAC, tCAC, tAA is delayed for 3ns.. 

tAR, tWCR, and tDHR are referenced to tRAD(MAX). 


a 
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KM44C256D 


CMOS DRAM 


256K x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 262,144 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal 
or Low power), and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have 
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 256Kx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES 


e Part Identification 
- KM44C256D/D-L(5V) 


¢ Active Power Dissipation 
Unit : mW 


Active Power Dissipation 
es a ee 


358 
a a ee eee 


¢ Refresh cycles 


KM44C256D 


Refresh period 


Refresh. 
Cycle | Normal _ 


128ms 


¢ Performance range: 


| 6 | 18ns | 


eons [_15ns | 110ns | 40ns_| 
[7 7ons_|20ns | T30ns | asns 


| -8 | 80ns | 20ns | 150ns | 


e Fast Page Mode operation 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden refresh capability 

¢ TTL(5V) compatible inputs and outputs 

¢ Early write or Output Enable controlled write 

e JEDEC Standard pinout 

¢ Available in Plastic SOJ, ZIP, and DIP packages 
e Single +5V+10% power supply 


FUNCTIONAL BLOCK DIAGRAM 


Vss 
VBB Generator 


Control 


Refresh Timer 


Data in 
Buffer 


po —-. 
Refresh Control ‘3 ic } 
emory Array 
DQo 
Refresh Counter ano 4 to 
[= nat Das 
Row Address Buffer 


Data out 
Buffer OE 


Column Decoder 


‘ol. Address Buffer 


SAMSUNG ELECTRONIC Co. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C256D CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM44C256DJ ¢ KM44C256DP ° KM44C256DZ__ 


Vcc 


Address Inputs 


Data In/out 


Data Outputs Enable 


Vec Power(+5.0V 


em” ” 
FIECTRNNIFS . ; 


KM44C256D | 7 CMOS DRAM 


_ABSOLUTE MAXIMUM RATINGS 


_ Parameter : 


Pee ean cecreete evnver creme ere 
(ina ane ahem Vee | Wer ear 
Powerdissipaton ————S«dY iP] «dS 
[Shor aut ouptcorent «die SSSCSC«SSCS~*~dSCSCi 


. * Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device 


reliability. 


RECOMMENDED OPERATING sick buahd det (Voltages referenced to Vss, Ta= 0 to 70 °C) 


eon ee eee ee a 


|Ground | ss | 
Inputhhigh voltage | Vm | aa | cet 
| Inputtowvottage | ove | 20? TT 


*1 : Vcc+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2 : -2.0V at pulse width < 20ns (pulse is measured at Vss) 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


eS | Parameter 
Input leakage current (Any input O<sVinsVcc+0. 5V In) 
all other pins not under test=0 volts.) 
Output leakage current lon) 
(Data out is disabled, OV<VoutsVcc) 
Output high voltage level(loH#=-5mA) ete po 
Output low voltage level(lo.=4.2mA) aaa 


=_s — 


KM44C256D | CMOS DRAM | 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


pe eae a esa Max 
‘Symbol | Power | . Speed 


ek : KM44c256D 
Ioc1 Don't care ti 
mA 
Icc2 Don't care - 9 mA 
“6 60 ik 
Icc3 Don't care 7 55 sae 
“8 50 rik 
6 50 mA 
Icc4 Don't care 7 45 Abe 
-8 40 mA 
. Normal \ : 1 . mA 

Iccs Don't care 

“6 60 mA 
Icoce | Don't care -7 55 sa 
8 50 mA 


lcc1* : Operating current (RAS and CAS, Address cycling @tRC=min.) 

Icce : Standby current (RAS=CAS=W=Vu ) 

Icca* : RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Ioca* : Fast Page Mode current (RAS=Vir, CAS, Address cycling @tPC=min.) 

Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voitage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
Din=W=A0 ~ A8= Vcc-0.2V or 0.2V , Tac= 125us(L-ver), Tras=TRasmin~300 ns 


* NOTE : Icc1, Iccs, loca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icc3 
and Icce, address can be changed maximum once while RAS=ViL. In Iccs, Address can be 
changed maximum once within one fast page mode cycle time tPC. 


<=" : 


KM44C256D - | CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc=5V , f=1MHz) 


Parameter 


Input capacitance [RAS, CAS, W,OE] 
Output capacitance [DQ0~DQ3] 


AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition : Voc=5.0V+10%, Vir/Vi=2.4/0.8V, Voh/Voi =2.0/0.8V 


Parameter 


Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 

Access time from CAS 


Access time from column address tAA bee ae ee 40 ns 
CAS to ouputin Low rez [of pe, [el ~~ ]s_ 
Output buffer turn-off dela [torr | o | 15 | o | 2 | o | 2] ns | 6 
Transition time (rise and fall) fir =| 63 | so] 3 | 50 [3 | 50] ns | 2 | 
FES precharge time a 
RAS pulse width [tras | 60 | 10K | 70 | 10k | go | 10K | ns _| 
RAS hold time fas | 15] | 20| | a | [ons | | 
| | vo] | 


CAS hold time tCSH 


= 
CAS pulse width cas | 15 | 10k] 20 | 10k | 20 | 10K 


RAS to CAS delay time tRcp_| 20| 45 | 20| 50 | 20 | 60 | 
RAS to column address delay time tRAD 15 | 30 | 15 | 35 | 15 ns 10 


tCRP 5 
tASR 


CAS to BAS precharge time 
Row address set-up time 
Row address hold time tRAH 


a 
Column address setuptime =| asc | o | =| o |} oo | | os | 
[Columnaddressholdtime =| tcaH_ | 15| | ts | | is | | ns | 
[Column address hold time referencedtoRAS| tan | 5o| | s5| | eo | | ns | 11 
[Column addresstoHASleadtime =| trak_| 30 | | a5 | | ao | | sons | 
Read command set-up time ftacs | o| | of] | 0 | | ns | 
Read command hold time referenced to CAS |tacH_ | o | | o | [o| [| ns |e | 
Read command hold time referenced to RAS fiarpH_ | o | | o | [oo | [| ns | 8 | 
Writecommandholdtime == | two | to| ~~ | tol | po | | ns | 
[Write command hold time referencedtoRAS| wor | 45/ | so| | ss | | ns | 11 
[Write command pulse width ssi twe | 1o| | tol | io | | ns | 
[Write commandtoCASteadtime =f tome | ts] | is] | is | [| ns | | 


El aes 


KM44C256D : CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, See note 2) 


: Parameter oe 


Datasetuptime | tS | 
Dataholdtime | tH 8 | 
Data holdtime referencedtoRAS | HR | 50 | | 65 | | 6o | | ns | 11 | 
Beal 
eee 
ities 


— | ms| | 
ar er eee ee 
CAS to W delay time _ [rcwo | 4o[ | a] [4 | fms | 7 | 
RAStoWdelaytime sss ss | two | as | | os | [05 | | ins | 7 | 
Column address toWdelaytime S| two | 55 | | 6o| | 65 | | ns | 7 | 
ICKS prechargetoWdelaytime _—=——| tcpwo| 60 | | es | | 70 | | s| | 
[CAS set-up time (CAS-before-RAS refresh) | tcsR_| 5 | | 5 | | s | | ns] | 
CAS hold time (CAS-before-RAS refresh Picuh | 15°] | 15] [1s | [ons] | 
RAS to CAS precharge time Tiree | 5 |) | s{ [5s [ [ns] | 
CAS precharge time(CBR counter test cycle ficpet | 20 | | 2] [30 / [on] | 
[Access time fromCAS precharge | cpa | | 35 | —s| a5 | ~~ | ao | rs | 3 
Fast Page mode cycle time fic | 4 | =| a] [so] | ns] | 
Fast Page mode read-modify-write cycle time pRwoc| so | | es|  |o0| [ns] | 
{CAS precharge time (Fast page cycle ‘icp | tol [wl] =I[1| [ns] | 
RAS pulse width (Fast page cycle PtrasP | 60 | 100K| 70 |100K| 80 | 100K] ns |_| 
RAS hold time from CAS precharge [4as| |so| [ns| | 
OE access time foc | [is| [al] | 2a ns| 
OF to data dela ioep. | as) ep | po | do 
Output buffer turn off delay time from OE froez | o | is | o | a] o | wl ns | | 
[CE commandhoidtime ss tOEH | ts | | ao | fa] [os] | 


Refresh period(Normal) tREF 
iod( 
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KM44C256D 7 CMOS DRAM 


NOTES 


ue 


wo 


10. 


11. 


An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. . 

ViIH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between VIH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD> tRCD(max). 

This parameter defines the time at which. the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and 
the data output will remain high impedance for the duration of the cycle. If tCWD2> tCWD(min), 
tRWD2tRWD(min) and tAaWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. - 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS eaalng eage in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . . 

tAR, tWCR, and tDHR are referenced to tRAD(MAX). — 
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KM41C4000C, KM41V4000C | CMOS DRAM 


4M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 4,194,304 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory Cells within the same row. Power supply voltage (+5.0V or +3.3V), access 
time(-5, -6, -7 or -8), power consumption (Normal, Low power) , and package type (SOJ, ZIP, TSCP-II) are 
optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and 
Hidden refresh capabilities. Further more, self-refresh operation is available in Low power version. 

This 4Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory for 
main frames ,mini computers, personal computer and high performance microprocessor systems. 


FEATURES e Fast Page Mode operation 
¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM41C4000C/CL(5V) ¢ RAS-only and Hidden refresh capability 
- KM41V4000C/CL(3.3V) * Self-refresh capability (8.3V,L-ver only) 
¢ Fast parallel test mode capability 
¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
¢ Active Power Dissipation Unit : mw * Common I/O using early write 
¢ JEDEC Standard pinout 
* Available in Plastic SOJ, ZIP, TSOP(Il) packages 
¢ Single +5V+10% power supply(5V product) 
° Single +3.3V+0.3V power supply(3.3V product) 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Refresh 
WEP | cycle 7 


RAS Vcc 
= Vss_. 


1K 16ms 128ms 


Refresh Timer 
bf 
Refresh Control 
Refresh Counter 
_ye-| Row Address Buffer 
ol. Address Buffer 


Buff 
¢ Performance range: uffer 
/50ns | 13ns |" 90ns] 36ns 
[-6 | 60ns | 7éns | T1Ons| 40ns 
BVI8.3V 
<8 _| 80ns | 20ns | T50ns| Ons | SVS. 


ps & IO j 


Memory Array 
4,194,304 x 1 
Cells 


Serse Am 


AO ~A10 


Data out 
: 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM41C4000C, KM41V4000C | | ee _ CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM41C/V4000CJ *KM41C/V4000CZ_ ¢ KM41C/V4000CT 


AO - A10 Address Inputs 


PinFunction 
[DU | Datain 
fQ_ | Dataut 
|FAS | RowAddress Strobe 
| 
| 
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KM41C4000C, KM41V4000C 7 | __. CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


- Parameter 


eer eee tara eer 
TWotage on Voc supply rato to Ves | Vr | 08 a6 [1 to +70 |v 
Powerdissipaton ——=S«dT~se | «aS 
[Show ercut ouputcarent im iY 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


orn eT 
[Ground | ve | o | o | o |e | o | o |v 
‘input high votage | Wx [20 |. | vowosi] 24] - | voowt™| v_ 
‘inputlow votage | ws | 037] - | oa | 10#] - | 08 | v_ 


*1: Vec+1.3V/15ns(3.3V),Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 


DC AND OPERATING CHARACTERISTICS ecalllleshil dlesdaal hs eondinons unless otherwise noted.) 


Parameter : es ee eS ymbc ol} M in as - Max Tt Units. 


inpit leakage current (Any input O<VineVoo+0. 3V 


, all. other pins not under test=0 volts.) 


Output leakage current 

al (Data out is disabled, OV<Vouts<Vcc) dearer 
Output high (Output high voltage level(lo#=-2mA) si level(loH=-2mA) [Output high voltage level(lo#=-2mA)  ss“ss«d|sC Von | oe fl 
Output low voltage level(lo.=2mA) Pe ee 


Input leakage current (Any input 0<Vin<sVcc+0.5V Iu) 
all other pins not under test=0 volts.) 
Output leakage current (sty: 
SV (Data out is disabled, OV<VoursVec) 
Output high voltage level(loH=-5mA) tS 
Output low voltage level(lo.=4.2mA) Tie Tee a 
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KM41C4000C, KM41V4000C CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Icc1 Don't care 


: ; = a 
i 60 75 mA 

Iccs Don't care 55 65 mA 

50 55 _mA 

. 65 mA 

5 7a mA 

Icca Don't care mA 


pi ae Don't care a 
Iccs pA 
5 


z : 


-8 
epee et 


Icc1 *: Operating current (RAS and CAS cycling @tRC=min.) 

icc : Standby current (RAS=CAS=W=Vii ) 

Icca *: RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Icc4 *: Fast Page Mode current (RAS=Vi, CAS, Address cycling @tPC=min.) 

Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 

Icce *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS=0.2V _ 
DIN = Don't care, Trc= 125ys(L-ver), TRas=TrRasmin~300 ns 

Iccs : Self refresh current 
RAS=CAS=Vit, W=OE=A0 ~ At O= D= Vec-0.2V or 0.2V 


*NOTE: lcci, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, Address can be 
changed maximum once within one fast page mode cycle time tPC. 


ELECTRONICS 


KM41C4000C, KM41V4000C - CMOS DRAM 
CAPACITANCE(Ta=25°C, Vcc=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance [D 
Input capacitance [AO - A10] 
Input capacitance [RAS, CAS, W] 


Output capacitance [Q] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vot=2.4/0.4V 
Test condition(3.3V device) : Vec=3.3V+0.3V. Vin/Vi=2.0/0.8V, Voh/Vot =2.0/0.8V 


Parameter ae : | . Min Max ea 
Random read or write cycle time tRC | go] | 110 130 | isol =| ns | 
Read-modify-write cycle time tawe |108| [130] ‘| 155 175 

Access time from RAS [trac | | s50/ | 60| | 7o| | 80 | ns [34,10 
Access time from CAS tCAC | fas] | 4s | 20 20 ns | 3,4,5 
Access time from column address tAA | [a5] [30] [35] | 40 | ns | 3,10 
CAS to output in Low-Z tCLZ PO 10. loeb: — eed: dongs | 3 
Output buffer turn-off dela torr | o | 13] 0] 15/0] 20/0/20] ns | 6 | 
Transition time (rise and fall) 50 | 3 | 50] 3 | 50 ns 
RAS precharge time ptap | s0{ [40] |so| | oo] | ns | 

RAS pulse width | tras | 50 | 10K | 60 | 10k | 70 | 10K! 80 | 10K | ns _| 

RAS hold time FinsH | 13| [is | | 20 zo| | rs | | 
CAS hold time licsH | 50| [eo] |70! [aol | ns | 

CAS pulse width 10K 20 | 10K} 20 

RAS to CAS delay time 45 |20| 50 | 20| 60 | ns | 4 | 
RAS to column address delay time 
CAS to RAS precharge time tCRP 5 ee Weel age Woe © elias 

Row address set-up time tASR Loli. — Or fe sb io: Phen — one: | 

Row address hold time tRAH . fiol fio} [10] [iol | ns | 
Column address set-up time tASC See ee 
Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR l4o| las! [ssl [eol | ns | 15 
Column address to RAS lead time tRAL fo5| {301 [3s] [aol | ns | 


Read command set-up time tRCS 


[Read command set-up time fo | | 

Read command hold time referenced to CAS | tRCH On| Avot (lo. le ge nee (ae | 
Read command hold time referenced to RAS | tRRH nmr mrimme foes 
Write command hold time Fiweh | tol aol fis] fas) | ns | 
Write command hold time referenced to RAS | tWCR faol [as] [ss |eo| | ns | 15 | 
Write command pulse width ; ‘we liol- [iol fis{ [is] [ns |_| 
Write command to RAS lead time tRWL L13| | 15 | foo] [ool | ns | 

Write command to CAS lead time Fiow. 113] [is] [oo] [oo] | ns | 


Note) *1 : 5V only 


aceon 
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KM41C4000C, KM41V4000C | os CMOS DRAM 


Datasetuptime Ss tts | | fo | fol 

Dataholdtime oH |to| |io{ fis} ts | ins | 
Dataholdtime referencedtoRAS to [40 | [4s | [ss] feo] | ns [15 | 
Retest petediNoma) __wet_{_[ 1g 1 11s} te} _{1¢ pst 


rcpwo/30| _{a5| __|4o| 
tCSR_ {10° 


|_| 
rcHR [10] io] fas} tts | | ns 


ee es ee 

rcpt _|20| |20| jas} | 30] | ns | 
rcpa_| | 30| [as | | 40 | | 45 [ns | a 
Fast Page mode cycle time _ tPC fas| [aol  lasi  fsol | 

Fast Page mode read-modify-write cycle timatpRwc| 53} _|eo| _|7o| _|75|__—i ns. 
CAS precharge time (Fastpage cycle) _ tcp |io| lio] [of fio] ins |__| 
RAS pulse width (Fast page cycle tras | 50 |200K| 60 |200K| 70 | 200K | 80 | 200K | ns 
RAS hold time from CAS precharge tRHCP | 30 35 40 | | 45 ns 
Write command set-up time(Test mode in) _|twrs [io | [1o| _|ro| | to| ns 
Write command hold time(Test mode in) _[twrH |10|  |ao{ lio] | 10 ns 
W to RAS precharge time(C-B-R refresh) twee lio] {1o| || _—fo| i ns 
WtoRASholdtime(C-B-R refresh) __—itwr [io] _|1o| {tof tio] sins |__| 
RAS pulse width(C-B-R self refresh Rass [1001 [100 tool 100 ff us | 14 
RAS precharge time (C-B-R self refresh) _- aps [90] lito! 1301s 480 ns | 14 
CAS hold tim olf refre ics | -sol [sol [sol _—|-so]_ ~—sns_ | 44 


precharge to W delay time 
AS set-up time (CAS-before-RAS refresh 
AS hold time (CAS-before-RAS refresh) __ 
RAS to CAS precharge time 
AS precharge time(CBR counter test cycle 
Access time from CAS precharge 


> 10 Sa 
ro 
{ee 
5 
E= j 
@ 
Qa 
a 
oO 
” 
(77) 
ro 
| 
Qa 
oF 
» 
= 
@O 
a 
So 
Ps 


D 
a) 
PRR BE 


Note) *1 : 5V only 
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— CYCLE | | ee . _(Note 1 


Se Symi Min] Max [A Sckac taal vas Wael ae oe eee Notes 
Recta mmeerie Teor ole ie a 
Read-modify-wrte cycletime | tw | 113] [135] (160) 180) | ins | 
femameienmas we | Te] Tey te] Pete a 
AccesstimefromTAS CAC || 18 | || 25 | ns | 345 
FS <= a a aa ela el a 
RAS pulsewidth S| tS | 55 | 10K 165] 10K [75 | 10K |85| 10K | ns | 
CAS pulsewidth | tas | 18] 10K | 20| 10K | 25 | 10k | 25] 10K | ns |__| 
AS hotdtime _ Inst 18,_/20}_ 25{ fas] st ns | 
lcs |s5| tes] ts] tas} dt ns | 
cametereniname ——twa-[ot [st Tats Tord — 
|_| 20| 
SS oe 
Column addresstoWdelaytime | rawo | 30| [as] ao] tas} | ns | > | 
rantaconeisaietne Lo [ao] Lag] lool Iss Tos | 
Fast page mode read-modify-write cycle time| tPrwo, s8| [es] 75| feo] | ns | 
RAS pulse width (Fast page cycle) ___—_| tRASP| 5 | 200K| 65 | 200K | 75 | 200K] 85 | 200K | ns |_| 
[Accesstime formCAS precharge i tcpa | | 35 | | ao | | as | | 50 [ns] | 


Note) *1 : 5V only 


Parameter. ee 
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KM41C4000C, KM41V4000C a CMOS DRAM 


NOTES 


1. An initial pause of 200p i is required after power up followed id any 8 ROR or CBR cycles before proper 
device operation is achieved. 

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). . 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

7.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
out pin will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above conditions is satisfied, the condition of the data 
out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
value. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. . 

13. tOFF(max) define the time at which the output achieves the open circuit condition and are not referenced 
to output voltage level. 

14. 1024cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification.(3.3V L-ver.) 

15. tAR , tWCR, tDHR are referenced to tRAD(max.). 
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KM41C4002C CMOS DRAM 


4M x 1 Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 4,194,304 x 1 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high 
speed random or sequential access of memory cells within the same row. Access time(-5, -6, -7 or -8) and 
package type (SOJ, ZIP, TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 4Mx1 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 


realize high band-width and high reliability. It may be used as main memory for main frames, mini computers 
and high performance microprocessor systems. 


FEATURES 
¢ Part Identification ¢ Static Column Mode operation 
- KM41C4002C ¢ CS-before-RAS refresh capability 
*RAS-only and Hidden refresh capability 
¢ Fast parallel test mode capability 
* Active Power Dissipation ¢ TTL compatible inputs and outputs 


Unit : mW * Common |/O using Early Write 

e JEDEC Standard pinout 

¢ Available in Plastic SOJ, ZIP, TSOP(Il) packages 
¢ Single +5V+10% power supply 


Active power dissipation 


* Refresh cycles 


pe Vec Refresh Period 
cycle 


* Performance range: 


FUNCTIONAL BLOCK DIAGRAM 


Refresh Timer 


Data in 
Buffer 


Bs oy 
(RAG [ WCAC Z| | eee 


6 _[r60ns [Tens | T70ns_[36hs | 
7 
=a [ eons [-20ns[750ns [~A45ns 


‘Cells 


Row Address Buffer 
Col. Address Buffer 


AQ~A1Q 


i Serse Amps & IO i 
bt 


od : 
Data out 
Buffer 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM41C4002C CMOS DRAM 


PIN CONFIGURATION (Top Views) 


° KM41 ©4002Cu °KM41 ©4002Cz ° KM41C4002CT 


¢ KM41C4002CTR 


PinName| PinFunction = = 
Data In 

LQ. Data Out 

Ground 


| Ground Cid 
. 
No Connection 


Power(+5.0V 
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KM41C4002C. CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


(Parameter «| Symbot |Rating «Ce 

_ Voltage on any pin relative to Vss -1 to +7.0 | oy | 

Voltage on Vcc supply relative to Vss -1 to +7.0 ves 
los 


V 

V 

°C 
“Power dissipation _——=SssC«dCSCS mW 
Short circuit output current 7 | tos 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Input low voltage 
*1 : Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured atVss 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter symtor [tn [moe [unte 
Input leakage current (Any input O<Vin<Vcc+0.5V lL) = 6 WA 
all other pins not under test=0 volts.) 

Output leakage current . : 

(Data out is disabled, OV<VouTsVcc) 
Output high voltage level(loH=-5mA) | vow | 24 ] - | ov 
Output low voltage level(lo.=4.2mA) Mow i) oe oa] 


ELECTRONICS | ee 


KM41C4002C | | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Don’ t care 
Normal 


Don't care 


Don't care 


Normal 


Don't care 


Icc1 *: Operating current (RAS andCS cycling @tRC=min.) 
Icc2 : Standby current (RAS=CS=W=Vu ) 


Icc3 *: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icca *: Static column Mode current (RAS=Vit, CS, Address cycling @tSC=min.) 
Ilccs : Standby current (RAS=CS=W=Vcc-0.2V) 


Icce *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 


*NOTE:  Icct, Icca, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vit. In Iccs, address can be 
changed maximum once during a Static Column mode cycle time tSC. 
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KM41C4002C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V , f=1MHz) 


Parameter 


Input capacitance [D 

Input capacitance [AO - A10] 
Input capacitance [RAS, CS, W] 
Output Capacitance [Q] 


AC CHARACTERISTICS (0°C<Tas70°C, Vec=5.0V+10%, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vol =2.4/0.4V 


: -7 
a 


Random read or write cycletime | tC | 90 [110] | 

ftir "To fof fae! | — 
| teo| | 70] | 80 | ns |3,4,10) 
eee ee ed 
fesmenetoncammasies jm | Tes[ Tei [si [els [ae 
‘Access ime romiastwite __————ifwaw |_| so] | ss| [es] [7s] =| 3 
TS tooutputintowz —=Ss—s“§ «Fst tciz | o| [o| fo} fol | ns| 6 | 
JOutput butter turn-off delay tromeS | FF | 0 | 13/0 | 15 | 0 | 20] o | 20 | ns | 2 
Testmteereetit Sa 
RAS prechargetime = np | 30] fo} tso{ | eo | 
RAS pulse width SSS tra_| 50 | 10K] 60 | 10K! 70 | 10K | 80 | 10K ee 
RAShoidtime st ts | 13] its | tao] [aol ns | 
eShodtime st tc | so} [eo] [70] |eo| | ns} | 
ES ple wah __s98 710/104 15 [ican rot 20 tok |g} 
RAS to CS delay time 50 | 20 | 60_| 
Siecumomseume [mo [sla lie leietare [ao 
esionsSmctapeire few Tet Tet Tel Tet To 

Row address set-up time tASR area 
——— eae 
Column address set-uptime | asc | o| | 0 | 
ee ee 
[Column address hold time referencedtoRAS| anh | 40] |4s{| [ss] [eo] | ns | 18 | 


Column address to RAS lead time tRAL 
Read command set-up time tRCS Pacis 0 bs ed 


| ns | | 
[Read command hold time referencedtocS | tach | o| |o| [ol |o| | ns] a | 
[Read command hold time referencedtoRAS| taRH_ | ol [lol lol [ol [ns [2 _ 
Writecommandholdtime [two | 10] [as] is] [is] | ns | 
Write command hold time referencedtoRAS| wer | 40] [45|. [ss] |eol | ns | 13 | 
Write command pulse width wee is} tas} tag tm 
| tool tool | ns | 


te ceSacame bem} hs —fay fae) Pa — 
Pop salty cle 2 agli hg I De 
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ELECTRONICS 


KM41.C4002C a | | CMOS DRAM 


AC CHARACTERISTICS (0°C<T:<70°C, See note 1, 2) 


Parameter 


<i a CCA | 
Dataholdtime referencedtoRAS ——|tOHR | 4o| | 45|__[ss|_—s | eo | | ns | 12 | 
Refresh perioa(t02dcyctes) __—_‘iwner | [ae] [te] |e | [ie [ms] | 
Writecommandsetuptime ss itwes | o| [ol fol  |[ol{ [ns [7 _ 
CStoWdelaytime ss sftcwo faz] fas] [as] tts] ns | 7_| 
RAS toWdelaytime sss two | s0| leo] {vol tao] [ns | 7 | 
Column addresstoWdelaytime = tawo | 25| [30 [a5] ao] | ns | 7_| 
EAS precharge toWdelaytime __—_—‘rcpwo| so| _|as{ [aol _—sfas| sins | 
ES set-uptime (CS-before-AS refresh) _|tcsk_|1o| |10| _|1o| fio] [ns |__| 
ES hold time (CS-before-HAS refresh) _|tcHR_| 10|  |10| [10] _—{ ro] [ns | 
EAS toUS prchergotine —____fmpo {st {6} tet ts} {o| 
ES precharge time(C-B-Fi countertest cycle)|tcPT_| 20|  |20| jas] | so] sins | | 
Static Column mode cycletime __—ftsc_|30| {as{ {aol sf as{ ns |__| 
Sac ieee a cle el lS ee 
Accesstimefromiastwrite = tatw | | so | | 55 | | 6 | | [ns | 3.11] 
Output data hold time from column address |taoH_ | 51 [5] I[s5{|  |s5| 55 [ns |__| 
[output data enable timefromw tow _| [as | | ao | | as | | ns | 
Output dataholdtimefromW ss ttwoH Lo | fo | fol fo | fins | 
CS precharge time (Static Column cycle) _|tcp | 10} fio] {10} | 10 | tooK-| ns |_| 
AS pulse width (Static Column cycle) _|tRASC | 50 |100K| 60 |100K|70| 100k | 80 | 10K | ns |__| 
CS pulth width (Static Column cycle) - ‘tCSC 0 10K 10K ins | | 
Column address hold time referencedtoRASrisinltaH | 5 | [51  |s5|  |5| 40 [ns | | 
Last write to column address delay time _|tLwaD| 20 | 25 |20 | 30 |25| a5 [as| | ns | 41 | 
Last write to column address holdtime _|rantw| sol [ss] - les} | 7s|. [ns |__| 
Write command inactive time tWi 10 ‘iol trol | a0 | = 
Write command set-up time(Test mode in) _ltwts [io] |io| [rol to] ns |__| 
Write command holdtime(Test mode in) lw | 101 lio] |ao| tao] sins |_| 
Wto BAS precharse time(C-b-F retesn) {twee {1o{ {io} {iol {iol [ns |__| 


VAG 
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KM41C4002C CMOS DRAM 


TEST MODE CYCLE 


(Note. 12) 
ae eee oles ee 
wenn [Min] Max |Min| Max _|Min| Max [Min] Max. 


Randomreadorwitogietme [we [5] is) [05] iss [ne |_| 
Readmodiy-witeoyiotme | wrw0 [79] [ras] [1s5| [175] [ne | 
pecomeromre owe | Pet Veet foe | | fea 
AccesstimefromTS CE CAC || 18 | 

eT ee NU 
RAS pulsewidth ss SS RAS | 55| 10K [65] 10K |75/| 10K [85 10K | ns |_| 
eSpusowan [vos [18] 104 | 20| 10x [25 10K [25 | 10K | ne | 
RASholdtime —=sss Cid ASH | 18| ~~ 20| sia | ias| dt ns | 
aR C9 fT FT 
ounn ederesoto FAS eadtime [tea |20|{a5| [ol [as] | me |_| 
StoWdelaytime Ss —S§s——S si tcwo|18| tao] ~—sf20]_ ~—st20| st ns | _ 2 | 
eceWuavee wees oe ea | 
column aie toWasavine [wo [20 [asl [aol Las [ns [2 
ae ea mm (5 7 OO 
iad Oo ts oo anno pantaat | icrawel 68a] aol [ool asl] 
FS sues wi (Stale Column cris) _| RASC 88 100K 5.1008 7 Fook stock + na 
Peay ee aa OO CST 
ee eae eee 


ELECTRONICS 


KM41C4002C | CMOS DRAM 


NOTES 


1. 
2. 


3. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


oi 


10. 


11. 


12. 
13. 


An initial pause of 200ps is required after power up followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 

Vix(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 
. Assumes that tRCD2 tRCD(max). 


. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to VOH or VOL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min) 
and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CS leading edge in early write cycles and to the W leading sade 


in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

Operation within the t_WAD(max) limit insures that tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. If tL.WAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

These specifications are applied in the test mode. 

tAR , tWCR , tDHR are referenced to tRAD(max). 
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KM44C1000C, KM44V1000C | CMOS DRAM 


1M x 4 Bit CMOS Dynamic RAM with Fast Page Mode - 
DESCRIPTION 


This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access 
time(-5, -6, -7 or -8), power consumption (Normal or Low power) , and package type (SOJ , DIP, ZIP or 
TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only 
refresh and Hidden refresh capabilities. Further more, self-refresh operation is available in 3.3V Low power 
version. 

This 1Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. lt may be used as main memory for 
main frames and mini computers, personal computer and high performance microprocessor systems. 


FEATURES ° Fast Page Mode operation 

¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44C1000C/CL(5V) ¢ RAS-only and Hidden refresh capability 
- KM44V1000C/CL(3.3V) 


* Self-refresh capability (3.3V,L-ver only) 
¢ Fast parallel test mode capability 
¢ TTL(S5V)/LVTTL(3.3V) compatible inputs and outputs 
Unit : mW ¢ Early Write or output enable controlled write 
e JEDEC Standard pinout > 
¢ Available in Plastic SOJ, ZIP, DIP, TSOP(Il) packages 
¢ Single +5V+10% power supply(5V product) 
¢ Single +3.3V+0.3V power supply(3.3V product) 


¢ Active Power Dissipation 


FUNCTIONAL BLOCK DIAGRAM 


C1000) sv 


ele 


V1 0096) 3.8. 


* Performance tenes 


— RAC TL oes ay Memory Array 
ed shcbedeal Py = : 1,048,576x 4 
[s_| sn | fre] Sor 85s | [sv only Cells 


8 | 60ns [ns [17ns| 40ns | VIB 
[a [Bons [20ns | *50ns] ons [SVB 


Data out 
Buffer 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM44C1000C, KM44V1000C Siw | - CMOS DRAM 
PIN CONFIGURATION (Top Views) 


¢ KM44C/V1000CP ¢ KM44C/V1000CU | ¢ KM44C/V1000CZ 


Address Inputs 
DQO -3 Data In/Out 


[RAS | RowAddress Strobe 

|W s|_—Read/Write Input 

[OE | —DataOutputsEnable 
Nec 


Power(+3.3V 


' Be 
| | ELECTRONICS | ; 


KM44C1000C, KM44V1000C | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


ee aes 


prea eer 
aise cme aia a Ie Lasse ee 
Short circuit output current a a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


. Parameter.” 


RECOMMENDED OPERATING CONDITIONS (voltages referenced to Vss, Ta= 0 to 70°C) 


Input high voltage 
Input low voltage 


*1.: Vec+1.3V/1 EET SER TIE Pulse width is measured at Vcc 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 


= AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
see leakage current (Any input Iw 5 5 uA 
O<VinsVcc+0.3V, all other pins not under test=0 volts.) 
Output leakage current 
3.3V (Data out is disabled, OV<VouTsVcc) 
Output high voltage level(loH=-2mA) ee 
Output low voltage level(lo.=2mA). ; | vo | - | 04 [| v | 


Input leakage current (Any.input O<VinsVcc+0.5V ln | -5 5 WA 
all other pins not under test=0 volts.) 

Output leakage current ; 

(Data out is disabled, OV<VoutsVcc) . 
Output high voltage level(loH=-5mA) | vow | 24 | - [| vi 
Output low voltage level(lo.=4.2mA) oe eee 


ELECTRONICS | (~* 


KM44C1000C, KM44V1000C | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


eee ist i 


an 


Icc2 Don't care Don't care 


Icc3 Don't care 


— 


Normal Don't care 
Iocs L 


Icce Don't care 


Icc1 *: Operating current (RAS and CAS cycling @tRC=min.) 
Icc2 : Standby current (RAS=CAS=W=Vwu ) 
Iccs *: RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 
Icc4 *: Fast Page Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 
Ices : Standby current (RAS=CAS=W=Vcc-0.2V) 
Icce *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS=0.2V 
DQo-3 = Don't care, Trc= 125ys(L-ver) , TRas=TRasmin~300 ns 
Iccs : Self refresh current 
RAS=CAS=Vit, W=OE=A0 ~ A9= Vcc-0.2V or 0.2V, 
DQO0 ~ DQ3= Vcc-0.2V, 0.2V or OPEN 


*NOTE : Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icc3 
and Icce, address can be changed maximum once while RAS=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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ELECTRONICS 


KM44C1000C, KM44V1000C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance [RAS, CAS, W, OE] 
_ Output capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vih/Vi=2.4/0.8V, Voh/Vol =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 


“ne en i 


Random read or write cycle time '410|  {130/. J1s0o | ns | 
Read-modify-write cycle time ree int fest est fast Tt 
Access time from RAS | trac | [50] | |60| | 7o| | 80 | os | 
Access time from CAS Es eo ee 
Access time from column address Etec leeell = ar Wess: (tao ne ao, 
CAS to output in Low-Z voz tof fol fof fof (etsy 
Output buffer turn-off dela | torr | 0 | 13/0 | 15 [0 | | 20 | ns | 6 | 
Transition time (rise and fall) HOHE] OF 1S 060720) oo 
RAS precharge time [trp | 30| [40] |so| feof | ms | | 
RAS pulse width [tras | 50 | 10K] 60 | 1oK| 70] 10K| so[soK | ns | | 
BAS hold time lias [13] |is{ ja} [aol | ns |__| 
CAS hold time lrcsu | 50] [eo] [70] [aol | ns |__| 
CAS pulse width eas | 12 fact 15 tact ao sox] an Laan | oe | 
RAS to CAS delay time | tacp | 20| 37 | 20 | 45 | | 20 | 50 | 20 | 
RAS to column address delay time Ee eee 
CAS to RAS precharge time frrp | 5/ [5] [5] |s|  [ ns_ 
Row address set-up time fase | o| [ol fol [ol | ns/ 
Row address holdtime lipan | to] [io] [rol [aol | ns |_| 
Column address set-up time fwasc|o| lol] lol] [oo] |[ns|_ | 
Column address hold time Frcan | 10/ [to] [as] [us| [| ns{ 
Column address hold time referenced to RAS saa —a0 a8} 68 |_l ga} fn 1 
Column address to RAS lead time | trat | 25] | | [ns | 
Read command set-up time raestel tet tet tot t= 
Read command hold time referenced to CAS |_ tp | sins | 
Read command hold time referenced to RAS | tRR 
f\ 


= 

eee 

za 

BH ie ee 

Write command hold time | wer | 10 | | ttl las | es been 
: | ons | 15 

ee 

Eas 

ae 


Write command pulse width per aa 
_ [Write command to RAS lead tim ee ese See 
Write command to CAS lead time From lis] [is | fool [ool | ns | 


Note) *1 : 5V only 


ELECTRONICS 


KM44C1000C, KM44V1000C | CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 


is ee yo | wes we 
Datasetuptime sss StS =| | ~=fo| lol fol I|nslo | 
Dataholdtime tH to | fro | tis] fs | ins Lo 
Dataholdtime referencedtoRAS = |1DHR_ | 40| [45] —ss| ~~ [eo] | ns_ | 15 | 
Refresh period(Normal Ss Ss tREF | | 16 | | a6 | | t6 | | 16 | ms] 
Refresh period(-ver) sss REF | [128] | t2e| | 128 | 0 | 128 | ms| 
‘rte commandselazine __ tes) a da fos | 7_| 
GAS to ceiaytime_1icwo 19s 1 _1ao1_t0/_faol_t ns | 7_ 
FAS toWdelaytime Ss [tw | 73| | 85 zo] 

coli edrssio dsm | awo [ae [ss [es [v5 [me [7 | 
CAS precharge toWdelaytime _—=ftcpwols3| [eo] —j7oi_~—s [ro] ~~ {ns |_| 
| GAS soto ime CAS-beloe-AASrehesh) Los 10 | fro | fro} fas) _jne | | 
(CHR 10 | 5| | 

(RPC ale 
eee ees lal 
Access time from CAS precharge tCPA 

Fast Page mode cycle time 


rasp mais ice me jas| | 
rast Pao mode read-modiy-ie ile img PAC 76 1 _| 
fear 


CAS precharge time (Fast page cycle 


RAS pulse width (Fast page cycle 

RAS hold time from CAS precharge ‘taHcP | 30 |_| 35 
OE access time tOEA 13 

OE to data dela || ns 
Rene ana err ala Pe le 
OE command hold time tOEH | 13- 10 | 

Write command set-up time(Test mode in) _[twts [io] [io] tao] 
Write command hold time(Test mode in tWTH ‘tol. | 10 
i 
Vo BAS hold timeC-6-F refesh) __wet | 10. | __ 10 
Pan 


Note) *1:5V aly 


ELECTRONICS 


KM44C1000C, KM44V1000C CMOS DRAM 


TEST MODE CYCLE 
(Note. an 


| 
puma mt et 


Random read or write cycletime | tac | 95{ —|ttal——fts|_— ass] | ns 
ee See es ee 
Cc a 
Access timefromCAS ss CAC ||| 18 | [25 [ns [34 
. {Access time from column address res | Pe Pee tet Pete toe 3,10 
RAS pulse width | tras _| 55| 10K [65] 10K | 75 | 10K | 85 | 10K | 
CAS pulse wiath fess [Lc as ees a 
BASholdtime Ss tH | 18] | 201 
CAS hold time ee ee 
Column address to RAS lead time pimat_{ sof tas} tao fast oe 1 
[CAStoWdelaytime st two 41] tas} ss | [55 | 
Se oa Oey el ie ee 
Column address toWdelaytime | tawo | 53] eo! {ol st zs| st ns | 7 | 
fatfanminaciine | #c_[01 Pe ee ee 
[Fast page mode read-modify-write cycle time| awe 81 leo} tos] ato ns | 
RAS pulse width (Fast page cycley | tRASP| 55 | 200k] 65 | 200k | 75 | 200K| 85 | 200K | ns |_| 
Access time form CAS precharge tCPA | 35 | _ 40 | 45 | | 50 | ns | a | 
OE accesstime sss ss teA | | 20] | oo | | os | | os [ns] 
OEtodatadeay Ss st te | 18] tao] fas} fos} ns | 


‘OE commandhoidtime st teH | 18] tao} as} fas] ns | 


Note) *1 : 5V only 


Hs 


<x 
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KM44C1000C, KM44V1000C CMOS DRAM 


NOTES 


1. 


13. 


14. 


15. 


An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. VIK(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between VIH(min) and Vit(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2= tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to VOH or VOL. 


.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
out pin will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min), tRWD2>tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above conditions is satisfied, the condition of the data out 
is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 


in read-modify-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. : 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
value. These parameters should be specified in test mode cycles by adding the above value to the 


specified value in this data sheet. 

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and are 
not referenced to output voltage level. 

1024cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification.(3.3V L-ver.) 

tAR, tWCR , tDHR are referenced to tRAD(max). 
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ELECTRONICS 


KM44C1002C CMOS DRAM 


1M x 4 Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high 
speed random or sequential access of memory cells within the same row. Access time(-5, -6, -7 or -8) and 
package type (SOJ , DIP, ZIPor TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 1Mx4 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. It may be used as main memory for main frames and mini 
computers and high performance microprocessor systems. 


FEATURES 
e Part Identification ¢ Static Column Mode operation 
- KM44C1002C * CS-before-RAS refresh capability 


¢ RAS-only and Hidden refresh capability 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or Output enable controlled write 

¢ JEDEC Standard pinout 

¢ Available in Plastic SOJ, ZIP, DIP, TSOP(II) packages 
¢ Single +5V+10% power supply 


¢ Active Power Dissipation 


Unit : mW 


¢ Refresh cycles 


- Helresh Refresh Period 
eS OG 


FUNCTIONAL BLOCK DIAGRAM 


¢ Performance range: 


Speed | WAC | (CAC [AC] SC] 
| 60ns [| 15ns_|710ns | 36ns | 
|» Sl 80ns 20ns 


Memory Array 
1,048,576 x 4 
Cells 


Sense Amps & lO j 


fee] 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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ELECTRONICS 


KM44C1002C CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM44C1002CP ¢ KM44C1002CJ * KM44C1002CZ 


¢ KM44C1002CT - « KM44C1002CTR 


[PinName| PinFunction | 
TW Reaciwrite input | 
| CS___| Chip Select input__—__ 


Vec : Power(+5.0V 
Vss Ground 


70 
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ELECTRONICS 


KM44C1002C | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


[_Votage onary pinrelaivetoVes | VnVor | 1 w +70 | _v_| 
Storage temperature S| ~SCTatg «i ~SCSC to 5_—«|_ 
Powerdssipaon —=Ss«d|~Si iP SSCS 

[Shor cicutoutputeurent =i i <P SC OC*” 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


50 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


aoe Ne eee Ae 
FE SS A NO en eT 
input righ vonage [vw __| 2a | | venta v_ 
[~ inputiow vonage [va | 0? | - [08 [v1 


*1: Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured atVss 


Min 
4.5 


< 


< 


< 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter | Symon | win | Mow un 
Input leakage current (Any input O<sVin<Vcc+0.5V lw) LA 
all other pins not under test=0 volts.) 

Output leakage current init 
(Data out is disabled, OV<Vour<Vec) 20) HA 
a ee 


Output high voltage level(loH=-5mA) 


Output low voltage level(lo.=4.2mA) | vo | = | oa | vv | 


ELECTRONICS 


KM44C1002C a __CMOS DRAM. 


DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 


Don't care 


Don't care 


Don't care 


Icc1 *: Operating current (RAS andCS cycling @tRC=min.) — 

Iccz : Standby current (RAS=CS=W=Vu ) 

Iccs *: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icca *: Static Column Mode current (RAS=Vu, CS, Address cycling @tSC=min.) 
Iccs : Standby current (RAS=CS=W=Vcc-0.2V) 

Icce *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 


* NOTE:  Icc1, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , Icc3 
and Icce, address can be changed maximum once while RAS=Vi. In Iccs, address can be 
changed maximum once within one Static Column mode cycle time tSC. 


an He Te 
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KM44C1002C | CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=SV , f=1MHz) 


Parameter 


Input capacitance [RAS, CS, W, OE] 
Output Capacitance [DQ0 - DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, Vcec=5.0V+10%, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vil=2.4/0.8V, Von/Voi=2.4/0.4V 


ee ====s<= 
Random read or write cycle time tRC Fool f110/ fag0]—stasol | ons | 
Read-modify-write cycle time tRWC 133] [155| res} faosf =| ons | | 


Access time from RAS mac | | so] | eo] | 70] | 804 ns [34,10 
Access time from CS jicac | jis] |is} | ao} | 20 | ns | 3.4.5) 
Access time from column address tAA | | 25 | fas | | 40 | ns | 3,10, 


| ao | | 
CS to output in Low-Z tCLZ Oe) ot doh Aigo hone 6 
[Output butter turn-off delayfromeS torr | of isto [isfof2zofofa [ns | | 
Transition time (rise and fall) rir | 3] 50] 3 | 50/3] 50/3] 50 | ns | 2 | 
RAS precharge time fap [ao] tao [sol feof [ns] 
RAS pulse width [tras | 50 | 10k] 60 | 10K 70 |10K[ eo 10K | ns | | 
RAS hold time [ash | 13| [1s] [ao] [ao] | ns | | 
CS hold time ficsH [so [eo| [rol [aol [ns] 
CS pulse width ftcs | 13 [10K] 15 |10K[ 20|10K| 20] 10K | ns |_| 
RAS to CS delay time | ircp | 20[ 37 | 20 | 45 | 20 | 50 | 20 | 60 | ns | 4 | 
HAS to column address delaytime | tnaD | 15 | 25 | 15 | 30 | 15 | a5 | 15 | 40 | ns | 10 | 
CS to FAS precharge time fore | s| [s{] [s{ [sf] [ml | 
Row address set-up time tASR_|_0 | fee Ofgem [ea 
{RA Ht} jn} fos 


[Column address set-up time ) <6 
Column address hold time tCA | 10. 
Column address hold time referenced to RAS| tAR | 40 | 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referencedto CS {| tRC 


Read command hold time referenced to RAS | tRRH 


Bs) > 
> ~ 
- r|O fr |D 


Write command hold time 


Write command hold time referenced to RAS | tWC 


Write command pulse width 


Write command to RAS lead time 


m= a |S S Bs) 
= |= |s (a) ° 
r D |x aaa bade 

& 

oO 

5 

on 


~“ 
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KM44C1002C. : CMOS DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1, 2) 


Parameter 


: Bel | 

a , [eee Scars une 
[err nc A 
toohitneameniens ew [e/—[| [fal tm fo 
(REF PE Pa 
Write command aor time twcs fo| joj} [ol jo] ns | 7 | 
CS toWdelaytime ss tcwo | a6 | tao | so] fo] | ns | 7 | 
AS toW dele ire__-__fiswolrs/ {es | _frool_{svol__[os 17] 


Column address to W delay time tAWG fag] | 55 Png ae | 
CS set-up time (CS-before-RAS refresh) tCSR fio! tao l sf aol 10 
CS hold time (CS-before-RAS refresh) tCtHR | 10} [10] | 10 | ins | | 


> 
pre 


RAS to CS precharge time tRPC emt lec “bag 


CS precharge time(C-B-R counter test cycle) | tCPT 20] | 20 25 
{Static Column mode cycle time tSC 30 ==" [eer = «| 
Static Column mode read-modify-write cycle time stow eo 85 100 


Access time from last write 55 


Output data hold time from column addreee tAOH lsi [ls] ls] 


Output data enable time from W low | | 35 | 40 


=) 


Bay 

oO 

p lw = 

Se 
> 

Hk 


> 
an 


[o?] 
a 
“NJ 
oOo 


i 
SD 


) 


3 


—_ 
—_ 


a 
ol 
ol 
oOo 
S 
aH |G 


CS precharge time (Static Column cycle) tCP ol 10 10 10 n 
RAS pulse width (Static Column cycle tRASC 60 | 100K | 70 | 100K | 80 | 100K | ns 
CS pulth width (Static Column cycle tCSC 10K |20| 10K | 20 | 10K | ns 


3 
77) 


Column address hold time referenced to RAS rising | tAH ae ee eee a 
Last write to column address delay time tLWAD; 20 | 25 | 20 | 25 | 25 35 25 40 


ns_ | 11 
Last write to column address hold time tAHLW|} 50 fe al 60 70 80 ns 
Write command inactive time tWi 10 = 10 10 10 ns 
OE access time tOEA 15 20 20 ns 


OE to data dela tOED lis] | 15 | ——«[20 20 ns 
Out put buffer turn off delay time from OE tOEZ Lo | 13 | 0 15 | 0 20 0 20 ns_ 


OE command hold time tQEH fist tis} das} as | ns 
Write command set-up time(Test mode in tWTS_| 10. | tao | 10 10 | ns 
Write command hold time(Test mode in tWTH 10 10 10 ns 
W to RAS precharge time(C-B-R refresh tWRP_| 10 || 10 10 | 10 ns 
W_to RAS hold time(C-B-R refresh) - tWRH | 10 ttl | 10 10 ns 


a” 
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KM44C1002C 1 CMOS DRAM 


TEST MODE CYCLE 


(Note. 12) 


Read-modify-write cycle time 


Access time from RAS Take 
Access time from CS 


75 
Spann is 18 25 10K [25 | 104 | ns 
RAS holdtime Ss ts | ta] fool fas} fas] I ns | 
CSholdtime Ss tcc 55) fos] ts | fas] of ns | 
Coun ese te HAS sine _-inal 1 0/ __fost_tao] _fas_{ rs | 
[eStoWdelaytime St cw Jat] fas] iss | ss] ns | 
ca ea A 7 
1 ee 7o| | 


| ao} tas] 
90] {10s 


SS 
tRA 


pulse width (Static Column cycle 
Access time form last write 


Access time formlastwte | TAL | | 6 | | wm] | 
oe scmstme __tuora |_| 18-7 as | fs | _ 
OE todatadeay | teD 18] fo) fas] os] 
[OE commandhoidtime tte [18] aol jas} des] 
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KM44C1002C | CMOS DRAM. 


NOTES 


Ts 


2. 


10. 


11. 


12. 
13. 


An initial pause of 200s is required after power up followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 

ViH(min) and Vit(max) are reference levels for measuring timing of input signals.. Transition times are 
measured between VIH(min) and ViL(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 
. This parameter defines the time at which ‘the output achieves the open circuit condition and is not 


referenced to VOH or VOL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high imped-ance for theduration of the cycle. If tCWD> tCWD(min), tRWD2tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CS leading edge in early write arte and to the W leading edge 


in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

Operation within the t.WAD(max) limit insures that tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. If t.WAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

These specifications are applied in the test mode. 

tAR , tWCR , tDHR are referenced to tRAD(max). 
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KM44C1003C | CMOS DRAM 


1M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Fast Page Mode Quad CAS CMOS DRAMs. Fast Page Mode offers 
high speed random access of memory ceils within the same row. Access time(-5, -6, -7 or -8), power 
consumption (Normal, Low power) , and package type (SOJ or TSOP-II) are optional features of this family. 


All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

All inputs and outputs are fully TTL compatible and four seperate CAS pins provide for seperate 1/O 
operation allowing this device to operate in parity mode. . 

This 1Mx4 Fast. Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 


realize high band-width, low power consumption and high reliability. 


FEATURES * Fast Page Mode operation 
° Part Identification ¢ Four seperate CAS pins provide for seperate I/O 
= KM44C1008C/CL(5V) operation 7 


¢ CAS-before-RAS refresh capability 
¢ RAS-only and Hidden refresh capability 
© Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
¢ Early Write or output enable controlled write 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ, TSOP(Il) packages 
¢ Single +5V+10% power supply 


* Active Power Dissipation 
Unit : mw 


: Active power dissipation. : 


FUNCTIONAL BLOCK DIAGRAM 


Vss 
VBB Generator 


ee . K 
aa BS Control 


¢ Performance range: 


Memory Array 
1,048,576 x 4 _ 
Celis 


[Speed [RAC | WCAC [WAC [PS 
P-5 _| Sons | tans | 90ns | a6ne | 
6 [eons [tens [740ns | 40ns 
"a _[-80ns | 20ns_|150ns | 50s 


l Sense Amps & 10 : 
wa 


Col. Address Buffer OE 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C1003C | -_ | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM44C1003CJU ¢ KM44C1003CT * KM44C1003CTR 


—PioNeme_{_______PinFunetion —___ 
Ground 
DW | ReadWirte input 


aii 
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KM44C1003C | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Short circuit output current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Pasnew [ime [aT pee 
"Suppiyvotags [Ve [as | 50 | 55 | vy _| 

A 
a a on el ee ee 
[input iow votage [ve —s«d| Sto? | Cd SC 


*1: Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured at Vss 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Input pe eet current (Any input O<VinsVcc+0.5V la) 
-all other pins not under test=0 volts.) 

Output leakage current oe 

(Data out is disabled, OV<VouTsVcc) e 

Output high voltage level(loH=-5mA) Geist ated Ovsvewsvee) __+_ |_| 

Output low voltage level(lo.=4.2mA) ea aed eae 
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KM44C1003C ; CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


a 


Normal ' mA 
See 


Iccs Don't care 
Ee. ia 


series a 


icce Don't care 


Icc1 *: Operating current (RAS and CAS cycling @tRC=min.) 

Icc2 : Standby current (RAS=CAS=W=Vin ) 

Icca *: RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Icc4 *: Fast Page Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 

Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 

Icce *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS=0.2V 
DQO~3 = Don't care, Trac= 125ys(L-ver), TRas=TRasmin~300 ns 


a i 
55 mA 
mA 
Lie 


iA 


* NOTE:  Icc1, Iccs3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In {cc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 

changed maximum once within one fast page mode cycle time tPC. 
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KM44C1003C CMOS DRAM 


CAPACITANCE (Ta=25°C, Vec=5V , f=1MHz) 


Parameter 


Output capacitance DQ0- DQ3] 


AC CHARACTERISTICS (0°C<Tas<70°C, See note 1,2) 
‘Test condition : Vcc=5.0V+10%, Vih/Vii=2.4/0.8V, Voh/Vol =2.4/0.4V 


rel ht 


Random read or write cycle time } 90]  |1to{ —a30f ~—sfasof —— 
Read-modify-write cycle time ewe [8] 65 | —_ fsa | 
Access time from RAS jtrac | | s50| [60] | 7o| | so | ns |34,10 
Access time from CAS frcac | [is [5] | 20] | 20 | ns | 34,19 
Access time from column address fra | =f 25{ [30] |s35} | 40 | ns | 3,10] 
CAS to output in Low-Z ficiz | of [ol] fo{ [oj | rs [aie 
Output buffer turn-off delay Fiore | o | i3|o0 | 15/0 | 20/0 | 20 | ns | 618 
Transition time (rise and fall) | 3|s50|3 | 50/3 | 50/3] 50 | ns | 
RAS precharge time ia OO 
RAS pulse width Ras _| $0 bro 60 trax 70 [10K ao {tok {ns 
RAS hold time ew fag) 28) 0 
CAS hold time | tCSH_| feo; | _ns | 17 | 
CAS pulse width | tcas | 13 | 10k] 15 | 10k] 20 | 10K| 20 | 10K | ns | 23 | 
RAS to CAS delay time 20 | 50 | 20| 60 | ns | 4,16 
RAS to column address delay time Hiab 16 {ae {16 f 20 a6} fan ao} oe | to 
i 5 | ons | 1 


el 
jo] | 
fo] 
ou 2 
Fae 
55 {| 
jos | 
Es ae 
Parle as 
Fa ie 

feed 


Column address to RAS lead time 
Read command set-up time 


= 
o1 


Write command puise width 
Nrite command to BAS lea 


_— wo jp _ 
Oo oOo jn o 
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KM44C1003C CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 


[= a ro ET 
Dataholdtime to | to | ts | tts | ns 10 
Dataholdtime referenced toRAS rH |4o|  {as| [ss | feo] [ns fae | 
[Refresh period(Normal) ster | | te | | 16 | | 16 | | 16 [ms] 
[Refresh period(L-ver) ss tREF | | ize | | 128 | | ize |_| 28 | ms | 
Write commandsetuptime twos | o | fo |  [o| {ol | [ns |7,16| 
CAS toWdelaytime sss tcwo [a6] [ao] [so | so] | ns_| 7,16 
RAS toWdolaytime ——=———(tawo [7a les| rool [io] [ns [7 | 
[Column address toWdelaytime i |tawo [4a | [ss| les | | vo] ns [7 | 

o| || ins | 


CAS precharge to W delay time tCPWD 


EAS bod une GAS betre HAS eheety [eer [10 | —l| [os | 18 | [me ir 
Bas oes petancme Ware ee le ee | 
CAS precharge time(CBR countertestcycley cpt _|20| [20] _|ao| tao] | ns | 
Access time from CAS precharge __—__itcra_| | 30 | | 35 | | 40 | | 45 | ns | ase) 
Fast Pane mde eyelets _._fte@_{35.|_{a0._{ag_sp |. fs 19. 
[Fast Page mode read-modify-write cycle timatpRwC| 76 | as | lroo| 105] | ns [19 | 
eee areca eee enol cl ane ee 
[RAS pulse wiath (Fast page cycle) __|tRaSP_| 50 |200K| 60 [200k |70 |200K | 80 | 200K | ns |_| 
RAS hold time from CAS precharge ___—itpHoP|30 | _|as| _|4o | | as |__| ns | 

OE accesstime Ss toe | ts | | ts | | 20 | | 20 | ns [ar 
13 18 2o| tao] | ns_an 
CAS prechargetoWdelaytime ___—‘tcpwo|ss|__teo| |v | {7s} [ns | 
[Out put buffer tum off delay time fromOE |toez | o | 13 |0 | 15 |o | 2 |o | 2 [ns | | 
[OE commandhoidtime toe [13] |is| {ao | tao] ns | 
Write command set-up time(Test mode in) |wrs lio] lio} lio} |io| ns | 
ules toe alata! ug ig apa rs 
fcnmtSteensnnn levee Pet Tet te Toe a 
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KM44C1003C CMOS DRAM 


TEST MODE CYCLE 
(Note. 11) 


Parameter [Smo sa nl a 
fone aw gawine [we [ee] In fst isl Tm 


Read- ney: -write OEE time ewe Hise tet tise favo {os | _ 
faccesstimefromAAS mC | | | | os | | 7 | | 85 | ws [aan 
Access time from CAS ficac | [18 | | 20 | [25 | [25 | ns [345,12 | 
‘Accesstime from cotumn address | waa | | 30 | | a5 | | 40 | | 45 | ns [310,12 | 
RAS pulse width | tras | 55] 10K |65| 10k |75| 10K | 85| 10K | ns |_| 
CAS pulse width pects at tal tat tet 


RAS hold time jist | fe) tao} tas} tas) ne 
CAS hold time FicsH |55|  [es| [75 | 
Column address to RAS lead time tRAL | 30 35 5} —p at — 


CAS to W delay time 
BAS to W delay time 


Fast Page mode cycle time 


RAS pulse width (Fast page cycle 
Access time form CAS precharge 
OE access time 

OE to data dela 

OE command hold time 


Fast page mode read-modify-write cycle time| tPRWG| 81 |_| 
| asp | 55 | 200k] 65 | 200k | 75 | 200K | 5 | 200K] ns |_| 
fpa | [a5 [ [a [ [as] | so [ns |g | 
fwoca | | 20] | oo | [as] | as [ns] | 
froep [te] aol fas} = fas] ns | 
frocH [ie] [ao] fas] fas] ns | 


Frown] 41} fas] ss] ss} ns [7 
frawol7s| [ool [ros] fits] [ns |p 
aun agdoseiait eesyume ti $8190) _ 170, 78 


a je 
eee ee 


tPC__| 40 


«i 
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KM44C1003C | CMOS DRAM 


NOTES 


1. 


2. 


An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 

Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for ail inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD= tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to VOH or VOL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tC WD2 tCWD(min), tRWD2tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 


value. These parameters should be specified in test mode eyeres by adding the above value to the 
specified value in this data sheet. 


. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and 


are not referenced to output voltage level. 


. In order to hold the address latched by the first CASx going low, the parameter tCLCH must be met. 
. If at least one CAS is low at the falling edge of RAS, DQ will be maintained from the previous cycle. To 


initiate a new cycle and clear the data out buffer, all four CAS must be pulsed high for tCP. 


. The first CASx edge to transition low. 

. The last CASx edge to transition low. 

. Output parameter is referenced to corresponding CASx input. 
. Last rising CASx edge to next cycle's last rising CASx edge. 
. Last rising CASx edge to first falling CASx edge. 

. First DQx controlled by the first CASx to go low. 

. Last DQx controlled by the first CASx to go low. 

. Each CASx must meet minimum pulse width. 

. Last CASx to go low. 

. The last falling CASx edge to the first rising CASx edge 

. tAR,tWCR,tDHR are referenced to tRAD(max). 
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1M x 4 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access 
time (-5, -6, -7 or -8), power consumption ( Normal or Low power ) and package type(SOuJ or TSOP-II) are 
optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 
This 1Mx4 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for microcomputer, personal computer and portable machines. 


FEATURES ¢ Extended Data Out operation 
¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44C1004C/CL (5V) ¢ RAS-only and Hidden refresh capability 


- KM44V1004C/CL (3.3V) 


¢ Self-refresh capability (3.3V,L-ver only) 

¢ TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 

¢ Early Write or output enable controlled write 

e JEDEC standard pinout 

¢ Available in plastic SOJ ,DIP ,ZIP and TSOP(II) packages 
¢ Single +5V+10% power supply (5V product) 
¢ Single +3.3V+40.3V power supply (3.3V product) 


° Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


Vv Refresh Refresh Period 
Control 
1004C) 5V CAS Vss 


Refresh Timer 


Data in 
Buffer 


¢ Performance range: Refresh Control pao 
Speed] tRAC| tCAC Remark Memory Array to 
Refresh Counter 1,048,576 x 4 DQ3 
Cells 


| -5 | 50ns | 15ns| 90ns| a5ns| SV Only | 
| -6 | 60ns | 15ns |110ns| 4ons| 5V/3.3V | 
| -8 | 80ns | 20ns |150ns| sons] 5v/3.3V | 


Row Address Buffer 


d Sense Amps & IO j 
wi 


Data out 
Buffer 


AQ ~AQ 
OE 


Column Decoder 


Col. Address Buffer 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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- KM44C1004C, KM44V1004C | CMOS DRAM 
PIN CONFIGURATION (Top Views) 


¢ KM44C/V1004CP ¢ KM44C/V1004CJ ° KM44C/V1004CZ 


¢ KM44C/V1004CT 


Read/Write Input 
Data Outputs Enable 


V Power(+5.0V) 
si Power(+3.3V) 
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KM44C1004C, KM44V1004C CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter i a rene ey 


sv 


Voltage on any pin relative t to Vss -0.5 to +4.6 -1.0 to +7.0 —— 


Voltage on Vcc supply relative to Vss -0.5 to +4.6 -1.0 to +7.0 | ov 
Storage Temperature -55 to +150 -55 to +150 2] 


Power Dissipation | 600s 
Short Circuit Output Current Se ee 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


_ Parameter 


ew 
Eo 
‘Ground «| ~Ves_f 0] 0 | o | 0 | o | o [v_ 
‘input high Votage | Vm | 20 | - | vewoS'] 24 | - | veo v__ 
[inputLow Voltage | Vn | 03%{ - [| o8 | +07] - | o8 | v | 


1: Vec+1.3V/15ns(3.3V),Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


fee Perens emote nes oo 
Input Leakage Current lye) 5 
(Any input 0<Vin<Vcc+0.3V, all other pins not under test=0V 
Output Leakage Current ion A 
(Data out is disabled, 0V<VoutsVce) iss H 
Output High Voltage Level (lox=-2mA) | Output High Voltage Level (lon=-2mA) ss (ssid | 4 |e 
Output Low Voltage Level (lo.=2mA) | vo | - | o4 |] vi. 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, lt) yA 
- | (Any input O<Vin<Vcc+0.5V, all other pins not under test=OV 
5V 


Output Leakage Current lov 

(Data out is disabled, OV<Vour<Vcc) 0 HA. 
Output High Voltage Level (loH=-5mA) | Vow | 24] - | v | 
Output Low Voltage Level (lo.=4.2mA) | Vo | - | 04] v | 


ELECTRONICS 


KM44C1004C, KM44V1004C CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Powe 
care 


8 


Don't care 


Don't care 


Don't care 


Icc1* : Operating current (RAS, CAS, Address cycling @tRC=min.) 


lcce : Standby. current (RAS=CAS=W=Vu ) 
Iccs* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 
Icca* : EDO Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 
Ices : Standby current (RAS=CAS=W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) 
lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 
DQ0~3 = Don't care, Trc=125ys, Tras=Tras min~300 ns 
Iccs : Self refresh current 
RAS=CAS=Vit, W=OE=A0 ~ AQ = Vec-0.2V or 0.2V, 
DQ0 ~ DQ3= Vcc-0.2V, 0.2V or open” | 


*NOTE : Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , Icc3 
and Icce, address can be changed maximum two times while RAS=ViL. In Icca, address 
can be changed maximum once within one hyper page cycle. 
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KM44C1004C, KM44V1004C CMOS DRAM 


CAPACITANCE (Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


Parameter 


ce a 


Input capacitance (RAS, CAS, W, OE] ee Pe ee 
Output Capacitance [DQ0 ~ DGS] fe oe oI a SP 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Voi =2.0/0.8V 
Test condition (3.3V device) : Vec=3.3V+0.3V, Vin/Vil=2.0/0.8V, Voh/Voi =2.0/0.8V 


a8 ‘Parameter 


coo ee vr 
Fustnospanteae tne [woe fro] [vo] [es] [rol [oe [ 
= 
rapes es [ae] 3 [oe Te Ta 
Franson ine(isoanatan [we [sole [sof2fs[2[e | «| 2_ 
ecg same ae [ee 
RAS pulse width Ss tS | 50 | 10K] 60 | 10K] 70 |10K| Bo] 10K | ns | 
jansH | 13] [15 | | [20] | ns | 


13 a 
ficsH | 40] |s0/ eo] | 7o/ | 
HeAs | 8 {on 10 toc} 16 10K} 20/0 | oe fn 
| trcp | 20 | 33 | 20 | 43 | 20 
CAS to RAS precharge time tCRP 
Rowaddress setuptime | tS | | | 
Row addressholdtime =| tRAH | 10 | 
Column address setuptime =| tas | 0 
[Column address hold time referenced to RAS| tan | 35 | 
(RCS 
[Read command hold time referenced to CAS | tRCH | _0 | 
(RRH 
105) 
s7|__ fae] [seal | 
Write command pulse width | we | 10] | 10 | fas] fast oi ons {| | 
ite commandto FAS eadtme __imwt 191 _/is|_taot {aol | rs |__| 
eae a ee 


Note) * 1: SV ae 


en” . 
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pu caied MLSE KM44V1004C , CMOS DRAM. 


AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 


Data set-up time Fo 
Data hold time won | 8] | iol | ws] | 5] | ns Jo | 
[Dataholdtime referencedtoRAS [tH | 35] | a2] | 52] | sz] ns | a7 | 
Refresh porca(Noma) ____ianer | | vel | ve] | vel | 10] mo | 
ee a 
ie Soanvenlsee ine Sa es fe 


cam asses oasis Java Tool [aol feel [oe Tr 
CAS precharge toWdelaytime _—tcpwo | 45| | sa|_ | ea| | oo| | ns | 
Seca essen eee ale el ee 
CAS holdtime (CAS-before-FAS refresh) |tcHR | 10/ | 10] | 15| | 15] | ns | 
RAS to TAS prechargetime _—S=—s—stapc_ | 5| | s/ | s| | s5{ |ns| | 
[CAS precharge time(CBR countertest cycletcPT | 20] | 20] | 25} | ao} [ns |_| 
Access time from CAS precharge cpa | | 26] | 35) | aol | 45| ns | 3 | 
Hyper Page mode cycletime = tpc | 20] | 25| | ao] | a5] ns | 45 | 
Hyper Page mode read-modify-write cycle time upRwel 47| [sel [|71/ | oe] [ns |_| 
CAS precharge time (Hyper page cycle) _ * rcp =| 3] =| wo] =| to] | to] dns | 
FAS pulse width (Hyper page cycle rasp_| 50 [200k! 60 |200K| 70 [200K|_80 [200K] _ns |_| 
RAS holdtime tromCAS precharge __—i|taHcp_| 30] _| 35| | 4o| | 45| [ns |__| 
OE accesstime = Ss toea | | ta} Ts ast | aol ~—To ns | 
OE todaadelay store | ta] as] | ao] | oo] ns | 
i 13 15 


OE to output in low-Z tOLZ | 3| | 3 | s| | 3 


[ns | | 
Fee ranaltne __sel gate 
ee eee eee 
Output buffer turn off delay from W tWEZ | 3| 13 3] 151 3| aol 3| 20| ns [6131 
W to data dela tWED | fast | 2] | aol 
OE toTASholdtime Sst, -| 5} | si | s{| | 5] [ns| | 
CASholdtimetooE tc | | | 5} | 5] | cs] | ns | 
(Gr precharge time we af | 
IW pulse width (hyper page cycle) _—iitwee_| s| | 5] | s| | s| [ns] | 
ftionnwuntaraean eee tant onl Coed Tal Te 
Pe Ga 


Note) 4: BV are 
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KM44C1004C, KM44V1004C CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 


i ca rf 
Parameter 
ise cx [a en 
[Random read orwrte cycietme [wc [09] ro __[rza]_— [rsa] | ns | 
[Read-modty-wrtecycietime _——+(| tawG [121] [rasl__[r7of [vos] | ne | 
Ea SR 
|AccesstimefromCAS dt tCAC | | 18 | | 20 | | 25 | | 25 | ns | 
ear aaa GB 
[RAS pulsewidth ss tRAS | 85] 10K | o5| 10K [75] 10K |85| 10K | ns |_| 
[TAS pulsewidth | tas | 13 10K | 15] 10K | 20 | 10K | 25] 10K | ns | 
}aBS hoki dne —_finget | 184_tao ee 7 ee ee 
Peniens oo hold time | tcSH_| | fes| ts] ns | 


camsseanieam [ea tol {st {et tel te — 
CAS to W dela time tCWD | 35 


so] | 
ee ee ee ee 
[Column address toWdelaytime | tawo | a7] isa] tes} too] | ns | 7 | 
[Hyper Page mode cycletime =| tp | 25| a0] tas} ao] ns | as | 
| Hyper page mode read-moditywitecycletime | tpRwe|s2|_fet| _—ve| fee] ns | 
PAS pls vipersege cel tases | ones pone 7s [ances 200 ns 


Access time form CAS precharge tCPA | {33 {| | | 


|| 50 | ns | 
‘CE accesstime Sst tea | | te | | 20 | | os | | os | ns | 
[OE todatadelay Ss te | 8] feo] tas| fas] ns | 


[SE commandholdtime =f toeH [18] tol tas] fas] ns | 


Note) *1: 5V only 
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KM44C1004C, KM44V1004C __CMOS DRAM 


NOTES 


1. An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. . 

2. Vik(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min), tRWD2 
tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-write cycle and the data output will contain 
the data read from the selected address. If neither of the above conditions is satisfied, the condition of 
the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 

13. tCEZ(max),tREZ(max),tOEZ(max) and tWEZ(max) define the time at which the output achives the open 
circuit condition and are not referenced to output voltage level. 

14. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. lf CAS goes high before RAS high going, the open circuit condition of the output is achieved 
by RAS high going. | 

15. tASC26ns, Assume tT=2.0ns. 

16. 1024 cycles of burst refresh must be executed within 16ms before and after self refresh,in order to meet 
refresh specification.(3.3V L-Ver.) 

17. tAR , (WCR ,tDHR are referenced to tRAD(max). 
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KM44C1010C CMOS DRAM 


1M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 
(Write Per Bit Mode) 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-5, -6, -7 or -8) and package type (SOU , 
DIP, ZIP, TSOP-Il) are optional features of this family. 

All of this family have CAS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 1Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. 


FEATURES 
¢ Part Identification e Fast Page Mode operation 
- KM44C1010C * Write Per Bit Mode Capability 


¢ CAS-before-RAS refresh capability 
¢ RAS-only and Hidden refresh capability 


* Active Power Dissipation * Fast parallel test mode capability 


Unit : mW 
ase ¢ TTL compatible inputs and outputs 
Active power dissipation ¢ Early Write or Output enable controlled write 
enon ee 
6 | 4 / ° pvailanle in Plastic SOJ, ZIP, DIP, TSOP(II) packages 
¢ Single +5V+10% power supply 


305 


¢ Refresh cycles 
Ye SP [a 
cycle 


¢ Performance range: 


5 _[ Sons | tans | 90ns | 5ns_ 
6 | 60ns [tens _[T10ns | 40ns 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS 
WB/W 


wo/ 
Memory Array DQO 
1,048,576x 4 to 

Cells - W3/ 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C1010C CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM44C1010CP ¢ KM44C1010CJ ¢ KM44C1010CZ 


Ww0/DQ0 C41 0 rT Vss 7 
w1/DQi (2 - W3/DQ3 W2/DQ2 


AO 1 AS 
At Li7 AZ 
A2 + AG 
A3 AS 


¢ KM44C1010CTR 


Vss I-j20 1-0 wo0/DQo0 
W3/DQ3 14419 2f0wi1/0a1 
W2/DQ2 (2418 30 WB/W 


CAS O17 4RAS 


A8& om bE} 6. AO 
A7 1414 7EDAI 
AG LL BEHA2 . 
A5 i312 O9LUA3 


A4UA11 10-4 Vcc 


|PinName| _—-PinFunction | 
AQ - AQ 
WBA 
RAS 


WO0/DQO | Write select/Data In/Out | 
~W3/DQ3 


Data Outputs Enable 


Voc Power(+5.0V) 
ieee 
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KM44C1010C ae CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


ee 
Power dissipation _——=SC~*SC*C‘i | SSSSSC*dSCm 
Shor avuit outputeuwent desi 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


eee ee ee 
eae ee 
opie were a ee oe 
[input highvotage [Vw ee || ve 
[input ow vottage | ve eae ae 


*1: Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
2: -2.0V/20ns(5V),Pulse width is measured atVss 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Input leakage current (arin input O<Vin<Vcc+0.5V 
all other pins not under test=0 volts.) 


Output leakage current 
(Data out is disabled, OV<VouT<Vcc) 


Output high voltage level(loH=-5mA) 
Output low voltage level(lo.=4.2mA) 


ELECTRONICS 


KM44C1010C CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Icc1* : Operating current(RAS and CAS cycling @tRC=min.) 

Icc2 : Standby current (RAS=CAS=W=Vu ) 

Icca* : RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 
Icca* : Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.) 
locs : Standby current (RAS=CAS=W=Vcc-0.2V) 


Icce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , Icc3 
and Icce, address can be changed maximum once while RAS=V\. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C1010C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V, f=1MHz) 


Parameter 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, Vec=5.0V+10%, See note 1,2) 
Test condition : Vec=5.0V+10%, Vih/Vii=2.4/0.8V, Voh/Vol =2.4/0.4V 


Parameter 


Random read or write cycle time ftrac | 90/ [rio] fa30} ~—sfaso} =~ f ons | 
Read-modify-write cycle time Ee 
Access time from RAS | tRAc | — | 50 | | | 6o | | | [| 80 | ns [3,4,10 
Access time from CAS ers Ge a eee 
Access time from column address }taa | | 25] | 3s0{ |35} | 40 | ns | 3,10] 
CAS to output in Low-Z prz |o{ fol] fo} fol |r| 3 | 
Output buffer turn-off delay torr | o | 13 fo | 15/10]20/ 0] 20] ns |] 6 | 
Transition time (rise and fall) fir =| 3 [50] 3 | 50/3] 50/3] 50] ns | 2 | 
RAS precharge time frp | so| {ao [so] [eof | rs] 
RAS pulse width | tras | 50 | 10K| 60 [10K| 70 | 10k | aol 10K | ns [|_| 
RAS hold time passe ta} is |__an} tan ne | 
CAS hold time 50/ |e] | 70. 

CAS pulse width Fee Cove Ter eae 
RAS to CAS delay time 45 |20| 50 | 20| 60 | ns | 4 
RAS to column address delay time rao [elas tiet elites fsa [oe [0 
CAS to RAS precharge time tCRP 5 5 Sr 
Row address set-up time eases (oe— eagle alee edi eee a 
Row address hold time tRAH io] | to, 

Column address set-up time tASC fol fo] fol {ol |ns|] | 
Column address hold time tCAH fio] [iol fis} jasl fons || 
Column address hold time referenced to RAS| tAR fas | | 55 | | | | ns | 42 | 
Column address to RAS lead time tRAL eee ee ieee re 
Read command set-up time lcs | ol [ol [ol Jol [ns] | 
Read command hold time referenced to CAS | tRCH fol fo | nh so a = ge ange ee 
Read command hold time referenced to RAS | tRRH ia 

Write command hold time tWCH Petes allaad ee tee slate 
Write command hold time referenced to RAS lier | 40]  [45| _[ss| leo] _| _ns | 12 | 
Write command pulse width fiwe [iol {iol- fis|  [as| | ns |_| 
Write command to RAS lead time iawn fis; [is] fol [ool [ns | | 
Write command to CAS lead time sow tis! tis} [aot Tool [ns |_| 
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KM44C1010C CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, See note 1, 2) 


_ Parameter 


oS ES NETS AE BSH 
Se Cl Ol 6 ld 
Dataholdtime == St 10 | ft] sds] ts] ns | 9 | 
DataholdtimereferencedtoRAS | oHR [40] [as | |ss| feo] | ns | 12 | 
Refresh period ss CSCSC*«d URE! «=| =| 16 | =| 6 | | te | | 16 [ms | | 
|Writecommandset-uptine ss“ sitwes |o| [ol |o{|  |fo|  |ns|7_ 
CAStoWdelaytime _—=ss—s“s stcw [a6] [40] [so] _—|so| st ns | 7 _| 
RAS toWdelaytime =» stRWD | 73| | 95| _—|i00,_—siftto] ~—s | ns | 7 __ 
Column address to Wdelaytime _—S=—sjtawD |48|  [55| [es] ~—s | zo] sf ns | 7 __ 
TAS set-up time (CAS-before-BAS refresh) |tcsR_|10 | | 10| 10] —s tro] Ss ns |__| 
CAS hold time (CAS-before-RAS refresh) |tcHR |10| [10] 15} fj 15| S| ns |__| 
RAS toCAS prechargetime __—-Ss——s[taPpc_ | 5] |5| |s5/  |s|  I[ns|_ | 
CAS precharge time(CBA countertest cycle tcpt_|20| [20] |25| |a0/ _|ns |__| 
[Access time from CAS precharge _—StcpA_| | 30| | 35 |_| 40 | | 45 [ns [3 | 
asl Base mode cite we ___iee_{as. |_| 4}__/as|__ts0}__f os |_ 
Fast Page mode read-modity-write cycle timgtPpRWC|76 | | e5| —_|ioo,_—tio5|- st ns | 
pee eee a FS 7 
RAS pulse width (Fast page cycle) _—_—-| trasP | 50 |200k| 60 |200K| 70| 200K | 80 | 200k | ns-| 
FAS holdtime from TAS precharge [trop |30| [3s] —f4o| —s fas} | ns |__| 
OE accesses __1i0eA_|_—_/ ta 111g |_1_a0_|_t_ag te }__ 
OE to dala delay _ oeo [13] as| [aol tao] © [ns | | 
TAS prechargetoWdelaytime _—=—s{tcpwo|s3|_—|eo| —t7o| size} [ns | _ 
lout put butfer tun off delay time fromOE |toez |o | 13] 0 | 15 |o| 20 |o| 2 |ns| | 
OE commandholdtime === —stoen | i3|  |is| aol _[ao| [ns |__| 
Write command set-up time(Test mode in) _|twrs |io| [io] _|1ol [io] ~— [ns |__| 
Write command hold time(Test mode in). |twrH |10| |i0| iol _{to] [ns |_| 
Wto RAS precharge time(C-B-Rretresh) |twre [io| [io] [iol _[io| [ns |_| 
W to RAS hold time(C-B-R refresh tWRH iol taol tao] ns | 

Write per bit set-up time 
Write 


per bit hold time 


twD. 


pres OT 7 a 6 eS 
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KM44C1010C | CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) - 


Tom as ae a 
oe ; i i an = 
peanaatoommaine ae fe) fs 
ae ee 
Pa a 
AccesstimefromCAS st CAC | | 18 | | 20 | | 25 | | (25 [ns | 3.4.5] 
Access time from column address ee 
RAS pulsewidth sss SSCSSC*d| st: | 55] 10K |65| 10k |75| 10K | 65] 10K | ns | 
CAS pulse with Ss teas | 18| 10K [20] 10K | 25| 10K | 25] 10K | ns |__| 
FAS hold time | firnsH_ |i8|  j20| jas} fas] | ns |__| 
TASholdtime  -—=SSs—s—s —S—CS—si tcc | 55{ [os] _—zs|_ fas} ~~ ns || Ci 
Gotunn across oS eadtme __amal_tsa 1s _'ao{__fas|__ns | _ 
TAStoWdelaytime  =—=Sss—-s =i tcwo | 4t/ —fas| ss ss] | ns | 
Se eS eee 
lun atessie levine __[wno§8_60,___j70{_75) ms | 
Fast Page modecycletime == tec | 40| as} ss ts0| sss | 
Pe nna eo {ue feel fol tf — 
RAS pulse width (Fast page cycle) _—_—'| tRASP| 55 | 200K| 65| 200K | 75 | 200K | 85| 200K | ns | _ 
Access time form TAS precharge ssi tcpa |_| 95 | | 4o | | 45 | | 50 | ns| a | 
UE sonoma __jigea|_{_s0.|_{ ao {as }___as {os |__ 
[OE todatadelay Cs tceD | 18] tol tas] ios} ns |__| 
[OE commandholdtime == toe | 18] tao] tas} fas} st ns |__| 


KM44C1010C | : CMOS DRAM 


NOTES 
1.An initial pause of 200us is required after power up followed by any 8 RAS cycles before proper device 
operation is achieved. ; . 
2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 
3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

7.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS>tWCS(min),the cycles is an early write cycle and the data 
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min) 
and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 
in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

11. These specifications are applied in the test mode. 

12.tAR, tWCR, tDHR are referenced to tRAD(max). 
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KM48C512B, KM48V512B CMOS DRAM 


512K x 8 Bit CMOS Dynamic RAM with Fast Page Mode 
DESCRIPTION 


This is a family of 524,288 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-I!) are optional 
features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. ; 
This 512Kx8 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for personal computer and portable machines. 


FEATURES * Fast Page Mode operation 
* Part Identification ¢ Byte Read/Write operation 
- KM48C512B/BL (5V, 1K Ref.) * CAS-before-RAS refresh capability 


aRMAGNOTZEXBL iS 3¥, 1K Rel) ¢ RAS-only and Hidden refresh capability 


¢ Self-refresh capability (L-ver only) 

¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 

e JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) packages 

e Dual+5V+10% power supply (5V product) 

¢ Dual +3.3V+0.3V power supply (3.3V product) 


¢ Active power dissipation 


Unit : mW 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part |. | Refresh 
No. | °° | cycle [Normal] Lt a 
Control 
Clocks 


Vec 


Vss 
[vee oneror_| 


ah 


Sees 
¢ Performance range 


Memory Array 


i Sense Amps & 10 j 
wi 


[6 | sons] tne [_e0ns| 36ns | SV Only. gn 007 
7 Tons [Bons [130ns| 45ns [6V/3.3V_ 4 


AO ~A8 


| -8 | 80ns | 20ns |150ns] 50ns | 5V/3.3V | 


. SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM48C512B, KM48V512B CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48C/V512BJ 


(SOu) 


¢ KM48C/V512BT 


° 


OOBONODOAWND = 


Fin Meme Read/Write neue 
eae Data Output Enable 


Power (+3. 3V) 


Row Address Strobe 
Column Address Strobe 


102 


ELECTRONICS 


KM48C512B, KM48V512B | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss -0.5 to +4.6 -1.0 to +7.0 ee op ot 


Voltage on Vcc supply relative to Vss -0.5 to +4.6 -1.0 to +7.0 V 


Storage Temperature -55 to +150 -55 to +150 Lee «| 
Power Dissipation adeee ete sais <a be ee eel 
Short Circuit Output Current DO 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


ne a ae we ae ae ee 

peu vonage [Va [so [a [ae [as [so [os | ; 
"Ground Sid Vs | 0 [0 [0 +10 | 0 | 0d 
Brg TC 
input Low vottage | wu | os?| - | os | a7] - | o8 | v_| 


*1.: Vec+1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vee. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS 


er operating conditions unless otherwise noted.) 


5 Pram 


ces ioe Current 
; (Any input 0<VinsVcc+0.3V, all other pins not under test=0v)| |") pA 
3. 


Output Leakage Current io) A 
(Data out is disabled, OV<Vour<Vec) H 
Output High Voltage Level (loH=-2mA) teeta 
Output Low Voltage Level (lo.=2mA) | Vo. | - | o4| Vv i 


Input Leakage Current (Any input O<sVinsVcc+0.5V, le 5 5 uA 
(Any input 0<Vin<Vcc+0.5V, all other pins not under test=0V) ; 


Output Leakage Current 
SV (Data out is disabled, OV<Vout<Vcc) 


Output High Voltage Level (loH=-5mA) ; | Vow | 24] - [ ov | 
Output Low Voltage Level (lo.=4.2mA) | vo | - | 04] v | 


loi) 5 LA 


ele bil 


en” - 108 


ELECTRONICS 


KM48C512B,; KM48V512B CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


cbse operating conditions unless otherwise noted.) 


KM48C512B ~C 


aaa 


Don't care 70 70 mA 
1088 65 65 mA 
60 60 mA 
- 65 mA 
ce - Lb 


Icc a Don't care os mA 
5 100 160 WA . 


a 


ee 


Icc1* : Operating current (RAS, CAS, Address cycling @tRC=min.) 
Icce : Standby current (RAS=CAS=W=Vu ) 
ices* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 
Icca* : Fast Page Mode current (RAS=Vi, CAS, Address cycling @tPC=min.) 
Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 
icce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) 
lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 
Din = Don't care, Tao=125ys, Tras=Tras min~300 ns 
Iccs : Self refresh current 
RAS=CAS=Vi, W=OE=A0 ~ AQ = Vec-0.2V or 0.2V, 
DQO ~ DQ7= Vcc-0.2V, 0.2V or open 


* NOTE : Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified vaiues 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi.. In Icca, address can be 
changed maximum once within one fast page mode cycle time, tPC. 


, ELECTRONICS - ie anes 


KM48C512B, KM48V512B CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=5V or 3.3V, f=1MHz) 


ee" ee or ee ae 
ipucapaciwes AOA eed ie pe 
input capacitance (RAS, CAS,W.0E] | cw || 7 | fF 
[Output Capacitance [0Q0-Da7) =i ms | 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition (5V device) : Vec=5.0V+10%, Vin/Vil=2.4/0.8V, Voh/Voi =2.4/0.4V 
Test condition (3.3V device): Vec=3.3V+0.3V, Vin/Vi=2.1/0.8V, Voh/Voi =2.0/0.8V 


re 


[Random read orwrte cycletime _—i{trc_| 90| {rto| | ra0/__[rs0] 
faye ens [ww | [| — fs! fa | w — 
——— cr ee a ee 


ana agree eee oe ee as nee 
emtonsne iment ta col af ol af col af aol m |e | 
AS prchargetme ___| wep _{ 20] | [ao] | so] | 60] ns | 

Sp eae FT aera EET ace 
RASholdtime Ss» ts | t5| | a5] | ao] | of | ns | 
CASholdtime Ss ttc | 50} | @o| | vo] | wo} | ns | 
TAS pulsewidth tas | 15 | 10k} 15 | 10K | 20] 10K | 20] 10K | ns | | 
RAS toCAS delaytime ss arc | 20] 35] 20] 45] 20] 50] 20] 6o| ns | 4 | 
BS toc eden dev ne —__1RAD 1628/16/60} 15) S6/ 1840) e_| 10 


CAS toHAS prechargetime __—-—Sf cre | 5| | 5| | s| | 5) 


[Row address setuptime Ss | taSR_| of | of | of | of | ns] | 
Bow ates hottie ——____- at -1_10_ 10) _7_to}__/_oa_ 

Column address set-up time lusc | of | of | of | of | ns] | 
Column address holdtime (sv) =| tcaH | to] | tol | 15{ | is] | _ns | 
[Column address holdtime(a.3v) =| tcaH_ | -| | as] [is] | is] 
Column addresstoRAS leadtime _——| tna _| 25| | ao] | 35] | ao] | | 
Readcommandset-uptime =| rcs | o| | of | o| | of | ns] 
[Read command hold time referencedtoCAS| tach | o| | of | o| | o| | ns | 
[ead command hold time referencedtoRAS| taRH | _o| | o| | o| | o| | ns | 
wes| ol | of | of | of | 

tWCH 


Write command set-up time 
Write command hold time 
Write command pulse width tWP ag I 10 


tof | 
Write commandtoRASteadtime | rawe_| 15/ | is | 15] | ao] | ns 
[WritecommandtoCASteadtime | town | 15] | 15] | ts] | ao] | ns | 


(*) : 50ns product : Vec=5V+5%, Output Loading(CL)=50pF 


em ~ 
ELECTRONICS | 


KM48C512B, KM48V512B phd Lech aes CMOS DRAM. 


AC CHARACTERISTICS (0°CsTas70°C, See note 1,2) 


‘Data hold time (3.3V 


[Dataholdtime(3.3V) DH 
Refresh period (L-ver o> REF | | 128] | 128] =| 128] 
[CAStoWdelaytime _—Ss——SS—stcwo | 40] | aol | 50] | so| [ns | 2 
[RAS toWdelaytime —s——stwo | 75] | 5 | 95] | tos | 

[Column address toWdelaytime _—s {awn | 50| | 55| | 6o| | os |_| ns | 8 | 
[CAS precharge toW delaytime __—tcpwo| s5| | 60| | 65, | vo| [ns | | 
| CAS setup time (CAS-before-BAS refresh) |tcsR_ | 5| | 5| | 5; | 5| [ns] | 
CAS hold time (CAS-before-RAS refresh tCHR 
RAS to CAS precharge time tRPC 


[CAS precharge time(CBR countertestcycle)|tcpT | 20| | 20| | 


Access time from CAS precharge _. tCPA | | 30] 
Fast Page mode cycle time tPC 35. 


Fast Page mode read-modify-write cycle time tpRwcl so| | 80] 


CAS precharge time (Fast page cycle icp | 10] | 10) 
BAS pulse width (Fast page cycle) __—(|tRASP| 50 |100K| 60 | 
RAS hold time from CAS precharge tRHCP| 30| | 

OE access time 


| Out put buffer turn off delay time fromOE_|10Z | 0 

OE command hold time tOEH | 15 | | 15 | 20| 

[RAS pulse width (C-B-R self refresh) __|tRass|r00| | 100] | 100) 
[FAS precharge time (C-B-A setf refresh) [taps | 90] | 110] | 

[EAS hold tine CBR setireteshy [rcs |-s0| | so] | - 


(*) : 50ns product : Vec=5V+5%, Output Loading(CL)=50pF 


ELECTRONICS 


KM48C512B, KM48V512B CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min), 
tRWD2= tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. — 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. 1024 cycle of burst refresh must be executed within 16ms before and after self refresh in order to 
meet refresh specification (L-version). 


: cleerTannire 


KM48C51 4B, KM48V514B . | CMOS DRAM 


512K x 8 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 524,288 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 512Kx8 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for personal computer and portable machines. 


=EATURES ° Extended Data Out operation 
‘Part Identification ‘e Byte Read/Write operation 
- KM48C514B/BL (5V, 1K Ref.) ¢ CAS-before-RAS refresh capability 


~KM48VS14B/BL (3.3V, 1K Ref.) ¢ RAS-only and Hidden refresh capability 


¢ Self-refresh capability (L-ver only) 

¢ TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write — 

e JEDEC standard pinout 

e Available in plastic SOJ and TSOP(II) packages 

¢ Dual +5V+10% power supply (5V product) 

¢ Dual +3.3V+0.3V power supply (3.3V product) 


ee eee, 
Active power dissipation Bramnw 


* Refresh cycles _ | FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Vcc 


Vss 


fcs14B| sv 


aA 


Sas 
¢ Performance range 


DQO 


tRC PC ‘BG kK Memory Array is 
524,288 x 8 
| -5 | 50ns | 15ns | 90ns| 20ns|_SV Onl ate par 
| -6 | 60ns| 15ns|110ns| 25ns|_5V/3.3V | —ao~ag —fe[Row Address Buffer 


Data out | 
Buffer 


|_-7_| 70ns | 20ns |130ns| 30ns|_5V/3.3V | 
|_-8 | ons | 20ns |150ns] 35ns|3.3V Only | 


OE 


‘ol. Address Buffer Column Decoder 


AO ~A8 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM48C514B, KM48V514B : CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM48C/V514BJ 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 


(SOJ) 


¢ KM48C/V514BT 


(TSOP(i!)-Forward Type) (TSOP(Il)-Reverse Type) 


in Function 
PW | Readwrite Input] 
[oF | Data Output Enabie | 
————E 


samsunga sa 
"ELECTRONICS = 


|. PinFunction 


Column Address Strobe 


Pin Name 


_Pin Name 
Vcc 


KM48C514B, KM48V514B , | | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


So a ee 
Rome. oe wee ll ee , 
| Short Circuit Output Current | tos, =| 50 | | 
* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 


this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


< 


cE 
Ground «dp We fo | 0 | 0 | 0 | o | o |v 
input High Vokage [vw | 2a} [vena] pa [Woe] v 
TinputuowVvotage | vu | 057 - | 08 | +o®{ - | o@ | v | 


*1:: Voc+1.3V/1 5ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


< 


< 


< 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Input Leakage Current 5 A. 
(Any input O<Vin<Vec+0.3V, all other pins not under test=0V) = H 
Output Leakage Current 

3.3V (Data out is disabled, OV<VoutsVcc) PaCS 


Suiput High Voltage Level (lon=-2mA) | Output High Voltage Level (lon=-2mA) —ssssss*é‘LsSCoks «| 2 | | 
[Output Low Voltage Level (la=2ma) | Vo |= | 4 | 


Input Leakage Current (Any input OSVin<Vcc+0.5V, 
(Any input O<Vin<sVcc+0.5V, all other Epis not under test=0V) 


Output Leakage Current es Z 
(Data out is disabled, eee) ot) 


ont ee a TS 
| Output Low Voltage Level (loi=4.2ma) | VoL = | 04 | OV 


qu). -5 5 |. yA 


5V 


110 


ELECTRONICS 


KM48C514B, KM48V514B 


CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Normal : 0.5 | 
Iocs L Don't care 100 150 uA 
5 . 85 mA 
‘ -6 70 70 mA 
Icce Don't care 7 65 65 a 
-8 60 mA 


Don't care 


Don't care Don't care 


Don't care 


Don't care 


Don't care 


Don't care 


Icc1* : Operating current (RAS, CA 
lcce : Standby current (RAS=CAS=W=Viu ) 
lcc3* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 
lcca* : Hyper Page Mode current (RAS=ViL, CAS, Address cycling @tHPC=min.) 
lccs : Standby current (RAS=CAS=W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) ' 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 
Din = Dortt care, Tac=125us, Tras=TRas min~300 ns 
Iccs : Self refresh current . 
RAS=CAS=Vi_L, W=OE=A0 ~ AQ = Vec-0.2V or 0.2V, 
DQ0 ~ DQ7 = Vec-0.2V, 0.2V or open 
*NOTE: Icc1, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 


él 


are obtained with the output open. Icc is specified as an. average current. In Icc1, Icc3, 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one hyper page cycle time, tHPC © 


ELECTRONICS 


KM48C514B, KM48V514B CMOS DRAM 


CAPACITANCE (1:=25°C,Vcc=5V or 3.3V, f=1MHz) 


cre ene 


Input capacitance [AO ~ A9] 
Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO ~ DQ7] 


AC CHARACTERISTICS (0°CsTas70°C, See note 1,2) 
Test condition (5V device) : Vec=5.0V+410%, Vin/Vi=2.4/0.8V, Voh/Vo1 =2.0/0.8V 
Test condition (3.3V device) : Ycc=3.3VL0.3V, Vin/Vii=2.1/0.8V, Voh/Vol =2.0/0.8V 


ee ee 


Re Min | Max | Min| Max | Min in| Max o 
Fandom read orwiie eye time [mc _| 4] [104] [ize] [rea] | vo |_| 
Read-nodiy-wite cydetime | wre [s16| [rao [165] [100] [ne |_| 
[AccesstimefromRAS ss ss RAC | | 50] =| Go| =| 70] | 80 |_ ns [3,4,10] 
peommeneneas fae {fff [ao as 


[Output buffer tun-off delay fromTAS | tcEZ_| 3| 13] 3] 15 | 

Transition time (rise and fall) fer | 2] 50] 2] 50] 2] 50] 2| so] ns | 2 | 
RAS precharge time jtrp | go] | ao] | 50] | eo] | is | 
‘RAS pulsewidth | tS | 50/10K| 60] 10K] 7ol10K| sol 10K | ns | | 
RAShoidtime St ts | a7] [a7] | 20] 20 

CASholdtime sd tcc | | | 50] | 6070 

CAS pulsewidth Sf tas | 8 [10K | 10/ 10K | 15] 10K} 20] 

IRAStoTAS delaytime == tac | 20| 33| 20| 43| 20| s0| 20| 60| ns | 

[RAS tocolumn address delay time __| tRaD | 15| 25| 15| 30| 15] 

5 


KM48C514B, KM48V514B CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) . 


: peer fae ner B ee es 
ne ee [Min [Max | Min [Max | Min [Max | Min [Max| ""® Notes 
Datasetuptime sss sidts S| of =] | | co} | of | ne [9 
Dataholdtime(sv) st S| | df to] ts] | =] ns [ 9 | 
Dataholdtime(aav) tT | ts | ts | tts] [ns | 
Refresh period (Normal) sss SYREF | | t6|_—s| ste] ste] _—i|ste| ms | 
Refresh period (L-ver) ——S»s———tREF | | 128] __—| 128] | t28|__—i| 28] ms || 
CAStoWdelaytime ssw | 4] | a | a za 
RAS toWdelaytime _——=ss——Sstraw0 | 67| | 79 | | 94 |__| 104 
Column address toWdelaytime _—=—tawo_ | 42| | ao | | 59 | 
CAS precharge toW delaytime _—=———|tcpwo | 45|/ | 54| | 64] | 69] ns 
CAS set-up time (CAS-before-RAS refresh) |tcsk_|-5| | s| | s5/_ | 
CAS hold time (CAS-before-BAS refresh) _|tcHR_| 1o| | 10] | 10| | 10] | ns | 
RAS toTAS prechargetime __———stpc =| 5| | s| | 5s{ | 5] [ns | | 
CAS precharae time (CBR countertest cycle) |tcpT | 20| | 20| | 25| | a0| | ns | __ 
[Access time from CAS precharge _—itcpa_| | _28| | 35| | 4o|__| 45] ns |_3 | 
Hyper Page mode cycle time 20 [as| | 30} | 35] | ns | 11 | 
[Hyper Page mode read-modify-write cycle timatHPRWG_47| | se| | 71| | at|_| ns _| 11 | 
CAS precharge time (Hyper page cycle tcp | al 10 fiol [tol {ns | | 
[RAS pulse width (Hyper page cycle) _—|tRaSP_| 50 [100K] 60 |100K| 70 fook| go 100K] ns |_| 
RAS holdtime trom CAS precharge __——itmHcP | 30| | a5| | ao] | 45|_ | ns |__| 
OE accesstime Ss Site | | t5]|_—|ts]_—i| aol is ao ns | 3 
OF to data dela toeo [13/ | is| | a] [aol [ns] 
[Out put buffer turn off delay time fromOE _|toez_| 3| 13|_3| 15| 3| 20] 3| 20] ns | 6 | 
OE to output in low-Z tOLZ 3 3 3 | {| 3| [ns] | 
[OE commandholdtime toe | 13} | is} | 20/ | 20} [ns |_| 
Outputdataholdtime Sst || | | | | 5} | 5] | ns | 
= 13|_ 3| 15| 3| gol 3| 20] ns [6,131 
| 13{ 3 | 45] 3] 20] 3] 20] ns | 6 | 
| tas] | aol |aof [ns | | 
OE to CAS hold time toch | s| | s| | 5| 
TASholdtimetoOE tc | 5] | | | 5] | | ls | 
OE prechagetime Ss ste =| 5] | 5] | 5] | sf fs | 
WwW 
A 


Boks Parameter 


W pulse width (hyperpage cycle) _—twre | 5| | s| | 5) | 5] [ns | 
RAS pulse width(C-B-A self refresh) _—tass_|100| [100 | [100 | [roo] | us | 12 | 


CAS hold time (C-B-R self refresh) 
(*) : 50ns product : Vec=5V+5%, Output Loading(CL)=50pF 


113 


Poimsuneg 


ELECTRONICS 


KM48C514B, KM48V514B 2 CMOS DRAM 


NOTES 

1. An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vi_(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. . 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Von or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in. the 
data sheet as electrical characteristics only. . If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. , 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in bain write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as . 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . . 

11. tASC26ns, Assume tT=2.0ns. 

12. 1024 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). oe 

13. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 


high going. If CAS goes high before RAS high going, the open circuit condition of the output is 


‘achieved by RAS high going. 
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KM49C512B CMOS DRAM 


512K x 9 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 524,288 x 9 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time (-6, -7 or -8), power consumpticn (Normal 
or Low power) and package type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 512Kx9 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for personal computer and portable machines. 


FEATURES * Fast Page Mode operation 
* Part Identification . * Byte Read/Write operation 
> KM49C512B/BL (5V, 1K Ref.) * CAS-before-RAS refresh capability 


-* RAS-only and Hidden refresh capability 

° Self-refresh capability (L-ver only) 

¢ TTL(5V) compatible inputs and outputs 

¢ Early Write or output enable controlled write 

e JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(Il) packages 
. © Dual +5V+10% power supply 


¢ Active power dissipation 


Unit : mW 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM. 


Part . | Refresh Refresh period 

NO. 
Control 
Clocks 


cycle [Normal] Lt _| 
beef 


Refresh Control 5 
Memory Array 
Refresh Counter 524,288 x9 
Cells 
AO ~AQ —-a>|Row Address Buffer 
ol. Address Buffer 


Vec 


Vss 


VeBB Generator 


Data in 
Buffer 


* Performance range 


| 6 | 60ns_| 15ns_| 110ns | 40ns _ 
| 8 | Bons | 20ns | 150ns | 50ns_| 


DQo 


ps & IO j 


DQ8 


Serse Am 


Data out 
| Buffer 


Column Decoder 


AO ~A8 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM49C51 2B CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM49C512BJ 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 


(SOu) 
¢ KM49C512BT 
(TSOP(Il)-Forward Type) -(TSOP(I!)-Reverse Type) 

_PinFunction =| PinName| _———PinFunction 
| AOQ-AQ | Address Inputs Read/Write Input 

DQO -8 Data In/Out h. 2OE. | Data Output Enable 
Power (+5V) 
Row Address Strobe 


Column Address Strobe 
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KM49C512B CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


eee ee 
ion epg eae) <n, 2 pa 
| Power Dissipation | Po tL 
Short Circuit OutputCurrent | tos, S| | ma 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


ie a rn 
Cer ee 
Ga. ee ee 
CETTE CT A 7 CT 
[InputLow Voltage | We S| 0 | |Tv 


*1: Voc+2.0V/20ns, Pulse width is measured at Vcc. 
*2: -2.0V/20ns, Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless othenwise noted.) 


a ea 


Input Reakaue Current (Any input O<Vin<sVcc+0.5V, 
(Any input O<VinsVcc+0.5V, all other pins not under test=OV) 


Output Leakage Current er 5 5 A 

(Data out is disabled, OV<Vour<Vcc) iz, H 
Output High Voltage Level (lou=-5mA) | Vow | 24 | - | vi | 
Output Low Voltage Level (lo.=4.2mA) | vo | - [| 04 | ve | 


exp” m 
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DC AND OPERATING CHARACTERISTICS 


eee operannas conditions unless otherwise noted. 4 


aa SEED 


6 mA 
Don't care 7 70 | } mA 
-8 65 mA 
mA 
. Icca Don't care mA . 
: mA 
Normal ; mA 
Don't care 
Iccs 


ki =CIEsEs 


F teor | | Don't care | care 


Icc1* : Operating current (RAS, CAS, Address cycling @tRC=min.) 
Ice : Standby current (RAS=CAS=W=Vik ) 
Icc3* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 
 Ieca* : Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.) 
lccs : Standby current (RAS= =CAS=W=Vec-0. 2V) . 
loce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS= 0.2V | 
Din = Don't care, TRc=125ys, TRas=TrRas min~300 ns 
Iccs : Self refresh current 
RAS=CAS=Vi_, W=OE=A0 ~ AQ = Vcc-0.2V or 0.2V, 
_DQO0 ~ DQ8= Vec-0.2V, 0.2V or open 


*NOTE : Icc1, Iccs, Iccs and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VLL. In Iccs, address can be 
changed maximum once within one fast page mode cycle time, tPC. 


NMS UN i | Pt ia AB 


KM49C512B ___CMOS DRAM 


CAPACITANCE (Ta=25°C, Vec=5V, f=1MHz) 
Parameter __ 
Input capacitance [AO ~ AQ] 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO ~ DQ8] 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition : Vec=5.0V+1 0%, Vin/Vit=2.4/0.8V, Voh/Voi=2.4/0.4V 


p40} | so} | eo] ls | 
was | 60 | 10K | 70 | 10K | 80 | toK | ns | | 
Ee ee ee ee ee 
frcsH_ | 60 | | 7o | | wo] | ns 
CAS pulse with ftcas_| 15 | 10k | 20 | tox | 20 | 10K | ns | 
RAS toCAS delaytime Ss tcp | 20 | 45 | 20 | 50 ns 
RAS tocolumn address delaytine | tRap_| 15 | 30 | 15 | 35| 15 | 40| ns | - 
CAS 1oAS prechargetime cre | 5 | | 5 | | | 
Row address setuptime ss [tas | o | | ol | lo} 
Rowaddresshoidtime sf tran | to] | to | | wo | 
Coumnaddresssetuptime jasc | co | | co | | of | ns | 
Column address holdtime | tcaw | to | | ts | | is || ns | 
Column address toFASteadtime =| wpm_| 90 | | a5 | | ao] | ns | 
ed a A ee 
[Read command holdtime referencedtoCAS | wach | o | | o| | o| | ns 8 | 
[Read command holdtimereferencedtoRAS | taRH | o | | o | | of [ns] 6 | 
Write commandset-uptime ssf twos | o | | o| =| oo} | ns | 
Writecommandholdtime ss | won | to | =| to | | to | | ns | 
Wrte command pulsewidth =| we | to | | to | | to | | is | 
WritecommandtoFASleadtime | rpwe | is | | 15 | | ao | | ns | 
WritecommandtoCASleadtime | cw. | 15 | | is | | ao] | ns | 


; = Se — = 11 
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S DRAM 


AC CHARACTERISTICS OC See note 1 1) 


: Parameter 


Data set-up time 

Data hold time 

Refresh period (Normal) 

Refresh period (L-ver) 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 

CAS precharge time(CBR counter test cycle) 
Access time from CAS precharge 

Fast Page mode cycle time 

Fast Page mode read-modify-write cycle time 
CAS precharge time (Fast page cycle 

RAS pulse width (Fast page cycle). 


OE command hold.time 
RAS pulse width(C-B-R self refresh 
RAS precharge time (C-B-R self. refresh 


tRASP 


RAS hold time from CAS precharge tRHCP: 


OE access time tOEA 
OE to data dela 
Out put buffer turn off delay time from OE 


am 
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KM49C512B CMOS DRAM 


NOTES 


1. 


10. 


11. 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vi.(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 


a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2> tRCD(max). 
. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or Vot. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electrical characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. lf tCWD2 tCWD(min), 
tRWD2> tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

1024 cycle of burst refresh must be executed within 16ms before and after self refresh in order to 
meet refresh specification (L-version). 


KM416C2568, Re tore2oU a _CMOS DRAM | 


256K x 16 Bit CMOS Bunaine: RAM with Fast Page Mode 
DESCRIPTION 


This is a family of 262, 144 x 16 bit Fast Page Mode CMos DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 


(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOW or TSOP- Il) are optional 
features of this family. 


All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 


This 256Kx16 Fast Page Mode DRAM family is fabricated using Samsung's suvaneed CMOS process to 
realize high band-width, low power consumption and high reliability. 
It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 


FEATURES ¢ Fast Page Mode operation 
¢ Part Identification . _ .©2 TAS Byte/Word Read/Write operation 

- KM416C256B/BL (5V, 512 Ref.) _ eCAS-before-RAS refresh capability 

~ KM416V256B/BL (3.3V, 512 Ref.) ¢ RAS-only and Hidden refresh capability 

* Self-refresh capability (L-ver only) 
e Active power alla eect os TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
a, Vv * Early Write or output enable controlled write 
(612 Ref.) | “612 Ref.) + JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP ackaaes 
¢ Triple +5V+10% power supply (5V product) 
¢ Triple +3.3V+0.3V power supply (3.3V product) 


ee ae FUNCTIONAL BLOCK DIAGRAM 
NO. cycle | Normal] Lb | gens essa Vec 


Vss 


Clocks 


Ves Generator 


Lower 
Data in 
Buffer 


am 
ue 


¢ Performance range: 


| -5 | 50ns| 15ns| 90ns| 35ns | 5V Only | 
| _-6 | 60ns | 15ns|110ns| 40ns | 5V/3.3V | . 
|_-7_| 70ns | 20ns |130ns| 45ns | 5V/3.3V |. 
| _-8 | 80ns | 20ns |150ns| 50ns | 5V/3.3V | 


Lower 
Data out 
Buffer 


Memory Array 
262,144 x 16 
Cells 


Refresh Counter 


[eect Address Buffer 


‘ol. Address Buffer | 


ense Amps & IO 
wa 


_ 


| Column.Decoder 


sd 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to. 
change products and specifications without notice. 
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KM416C256B, KM416V256B | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM416C/V256BJ ¢ KM416C/V256BT | * KM416C/V256BTR 


(TSOP(I!)-Forward Type) (TSOP(II)-Reverse Type) 


Pin Name | _ PinFunction —_ 
AQ - A8 Address Inputs 
| DQO-15 | Data In/Out 


Vss 
| RAS | Row Address Strobe 


|W | ReadMWrite Input 

| OE | DataOutputEnable 

ae 
Vec 

| NC | 


Power (+3.3V) 


KM416C256B, KM416V256B CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


a ee 
Voltage on any pin relative to Vss -0.5 to +4.6 -1.0 to +7.0 ov 


Voltage on Vcc supply relative to Vss wee -0.5 to +4.6 -1.0 to +7.0 ee a 
Storage Temperature -55 to +150 -55 to +150 PG. | 


Power Dissipation 
Short Circuit Output Current 
* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 


Functional operation should be restricted to the conditions as detailed in the operational sections of 
_this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 


device reliability. 


RECOMMENDED OPERATING CONDITIONS deel referenced to Vos, 7 Ta= 0 to 70 °C) 


ae pe ee ee ee 
|Ground | vss | oo | oo | oo CT lo OT to | 
[InputHigh Voltage | Vm | 21 | - | ecw] 24 | - | veoet. ot] vv 
BS Ca a ee 


*1: Voeco+1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS 


(Recommended epelalna’ conditions unless otherwise eset 


i TA nr “Max Units 
input leakage Current lu) 5 WA 
(Any input 0<VinsVcc+0.3V, all other pins not under test=0V) 

Output Leakage Current isi A 
(Data out is disabled, OV<Vout<Vcc) se Hs 
Output High Voltage Level (loH=-2mA) tat V 
Output Low Voltage Level (lo.=2mA) ead 


Input Leakage Current (Any input O<VinsVcc+0.5V, 


(Any input O<VinsVcc+0.5V, all other pins not under test=0V) 


Output Leakage Current A 
(Data out is disabled, OV<Vout<Vcc) H 


Output High Voltage Level (loH=-5mA) {Gate otis abit. O¥eNean¥oq | 


ae ares 
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Output Low Voltage Level (lo.=4.2mA) 


KM416C256B, KM416V256B CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Speed 
KM41 6V256B KM416C256B 


90 90 
ct i 


110 
\ 90 90 sa 
D 
Icc3 on't care 80 80 mA 
75 75 mA 
70 mA 
2 2s 


eae ; mA 
CC5 Don't care ne LA 


=u 


Icc1* : Operating current (RAS , UCAS, CCAS , Address cycling @tRC=min.) 
Icce : Standby current (RAS=UCAS=LCAS=W=Vm ) 
Icc3* : RAS-only refresh current (UCAS=LCAS=Vin, RAS , Address cycling @tRC= min.) 
Icca* : Fast Page Mode current (RAS=Vi, UCAS or [CAS, Address cycling @tPC=min.) 
Iccs : Standby current (RAS=UCAS=LCAS=W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, UCAS, LCAS= 0.2V 
Din = Don't care, Trc= 125s, TRas=TrRasmin~300 ns 
Iccs : Self refresh current 
RAS=UCAS=LCAS=Vi_, W=OE=A0 ~ A8 = Vec-0.2V or 0.2V, 
DQO ~ DQ15= Vec-0.2V, 0.2V or open 


90 90. uA 
. ~ as 


*NOTE : Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In tcc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one fast page mode cycle time, tPC. 


rramsal 
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KM416C256B, KM416V256B > | = CMOS DRAM 


CAPACITANCE (T1-25°C,Veo-5V or 3.20, fa1 —. | 


Parameter 


(in a ae 
were a 
input capacitance (RAS, UCAS.CAS, W.OE] | cm |. | 7 | pF 
[oven apecircefoon-0o%8) | ee]? | 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1 2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Vol =2.4/0.4V 
Test condition ee 3V gevicg):: Vec=3. bla 3V, ial Laat 1/0.8V, Voh/Vol =2.0/0.8V 


Parameter | Smt a A 
Randonvaadcrwte aise ne el ee a 
Reamer ie tne [we [ras [oes] [vee] [oe] [om 
‘Access time fromRAS | wnac_| _| 60] | 60) | 70] | eol ns Tato 
[Access time fomCAS (| tcac | | 15| | 15] | 201 | 20] ns [aac 
resstretoncommies twa { [al Tel [sol w fan 
Eemmamtone ese | of ol fol [ns | 
[Output buffer turn-off delay sss tOFF | 0| 15] | 
Transition time (rise andial) itr | | 

cee ee 


RAS precharge time 


RAS hold time 
- |CAS hold time 


Eo a OE 
RAS toTAS delaytime ss tc | 20/35] 20) 


Seen eae eS ETE 


CAS to RAS precharge time 


Row address set-up time 

Liaw ads pele tea 16, 
smastentnine {vec [of {ol Fol [ah te | 
Column address hold time (5V frcan [10[ [| tol _| 
Column address hold time (3.3V 

Column address to RAS lead time 

Read command set-up time 

Read command hold time referenced to CAS | tRCH 

Read command hold time referenced to RAS 

Write commandset-uptime ss | wes | o| | 
Write command hold time tWCH 

Write command pul e width — {WP 


eae. 
Write commandtoRASleadtime | rnwe | 15| | 5] | ts] | aol ns 
Fe eT 


(*) : 50ns product : Vec=5V+5%, Output Cnn SF 


<a” 
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-KM416C256B, KM416V256B_sC—=™e | CMOS DRAM 


AC eoAnne lene ee Cee See note 4 2) 


Parameter 


(Sa Pe 3 
[Datahotitine(gsyy) oH ff {asf fafa |_| | 
[Refresh period (Normal) ster | | 8] =| af S| Set S|] m 
aan. eee eee ee 
[CAStoWdelaytime _—Ss———SSstcwo | 40| | ao] | sol || 50] | ns | 7 | 
[RAS toWdelaytime Ss tw | 75| | e5| | 95| | tos | | ns | 7 | 
[Column address toWdelaytime = itawo | 50| | 55| | eo| | 65 | | ns | 7 | 
[CAS precharge toWdelaytime _—=itcpwo| 55| | 6o| | e5| | vo} | ns| 
eae eee oe en eee ale eel hae ae 
[CAS hold time (CAS-before-RAS refresh) |tcHR | 10] | 10| | 10] | 10] | ns|__| 
[RAS to TAS prechargetime _—Ss—s[tnPc | 5] | s| | s| | 5| [ns] 
[CAS precharge time(CBR countertest cycle)|tcptT | 20] | 20] | a5| | a0] |ns| | 
ropa || 
Fast Page mode cycle time tPC 35 


[Fast Page mode read-modify-write cycle timgtpRWc| 80} | sol | 95] [105 | | ns | 
Spee ee 

| HAS pulse width (Fast page cycle) __‘|tRaSP| 50 l1o0k| 60|100K|_70| 100K] 80 |100k| ns _ 
[RAS hold time from TAS precharge __——itAHCP| 30| | as| | aol | 45 | | ns 
[OE accesstime = sto || ts] | ts} | aol || ns 
‘Eiedsademy oro [se] [vel [aol [aol [ne 
Out put buffer turn off delay time fromOE |toez | 6| 15] 0] 15 o| 20 o| 20] ns_ 
OE command hold time roeH | i5| | is| | 201 ‘| _20| | ns_| 
FAS pulse width(C-B-R self refresh) _—_—‘(tpass|100| | 100] 100| | 100} | ns 
[RAS precharge time C-8-F sot reresn) [snes | 90| | 110| | 190| [150] | os | 1 
_[CaShoistine Com setretesmy ious [so] [sof [sof sof fre |e 


(*) : 50ns preauct Vec=5V+5%, c, Output Loading(Ct)=50pF 


Access time from CAS precharge 


ee ee VE 


Persona 
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KM416C256B, KM416V256B CMOS DRAM 


NOTES 


1. An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vi(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 

“ controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). _ 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2> tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. | 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . 


KM416C/V256B/BL Truth Table 


E | Dao Bor a8 - DQIS: Le “STATE 
5 

a I 

a a 
es ee 
i a 
es 


aor ~—T ee. 
ELECTRONICS 2 | 


FR 
ie 
ree 
EEE 

a 


=x. 


=z 


r- 


it 
FEE 


KM416C256B, KM416V256B CMOS DRAM 


11. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). 

12. tASC, tCAH are referenced to the earlier CAS falling edge. 

13. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

14, tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tCWL is specified from W falling edge to the earlier CAS rising edge. 


LCAS 
UCAS 


TKK 3 
ADD. SxXXX x 


= 


17. tCSR is referenced to earlier CAS falling low before RAS transition low. 
18. tCHR is referenced to the later CAS rising high after RAS transition low. 


tCSR tCHR 


19. tDS, tDH is independently specified for lower byte Din(O~7), upper byte Din(8~15). 
LCAS 


Y 
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KM416C254B, KM416V254B CMOS DRAM 


256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 
DESCRIPTION 


This is a family of 262,144 x 16 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), 
access time (-5, -6, -7 or -8), power consumption (Normal or Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. ‘ . 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 256Kx16 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 


FEATURES ¢ Extended Data Out operation 
¢ Part Identification * 2 CAS Byte/Word ReadMrite operation 
- KM416C254B/BL (5V, 512 Ref.) * CAS-before-RAS refresh capability 


~ KM416V254B/BL (3.3V, 512 Ref.) * RAS-only and Hidden refresh capability 


¢ Self-refresh capability (L-ver only) 

¢ TTL(S5V)/LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 

e JEDEC standard pinout 


* Active power dissipation Unit: mW 


3.3V BV. 
Speed) (512 Ref.) (512 Ref.) 


ee ss eee _¢ Available in plastic SOJ and TSOP(II) packages 
| -6 | 255 | 495 | * Triple +5V+10% power supply (5V product) 
¢ Triple +3.3V+0.3V power supply (3.3V product) 
ae 220 aieiew ecm! 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part Refresh 
no. | Ye |. cycle 

B 


C2548 | | sv_| 512 128ms 
V254B | 3.3V 
Lower 
a, Data out 
¢ Performance range Butter 


Memory Array Upper 
262,144 x 16 Data in 
Cells Buffer 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM416C254B, KM416V254B _ CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM416C/V254BJ ¢ KM416C/V254BT * KM416C/V254BTR 


(SOu) (TSOP(Il)-Forward Type) (TSOP(Il)-Reverse Type) 


[Pin Name| Pin Function | 
————— 


FLFfTRONICS 


KM416C254B, KM416V254B | | CMOS DRAM 


ABSOLUTE ideale RATINGS 


Parameter. 


Voltage on any pin relative to Vss -0.5 to +4.6 -1.0 to +7.0 a 
Voltage on Vcc supply relative to Vss We -0.5 to +4.6 | -1.0 to +7.0 le We 
Storage Temperature -55 to +150 -55 to +150 pote 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
.Functional operation should be restricted to the conditions as detailed.in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. . . 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


} 
ie 
sg 


Input High Voltage . 
Input Low Voltage y? 


*1: Vec+1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS 


ae operating conditions unless otherwise noted. ’ 


Parameter _ ee ~~ [symbol | symbol | Min 


ei Leakage Current ln) 
(Any input 0<Vin<Vcc+0.3V, all other pins not under test=0V) 
Output Leakage Current 
3.3V | (Data out is disabled, OVsVour<Vcc) Fi | -s | s | wa 


[Output High Voliage Level ov=ama) | Von ‘| 24 | = | Vv 


“fe 


<| 5 


Output Low Voltage Level (lo.=2mA) | vo | - [04 | V | 
Input Leakage Current (Any input O<Vin<Vcc+0.5V, lia: yA 
(Any input O<Vin<Vcc+0.5V, all other pins not under test=OV) saa 


Output Leakage Current ian 
mia out is disabled, OV<VouTsVcc) 2 
Output High Voltage Level (lox=-5mA) {Gate cut abies ¥evonsveq.__} TP 4} 4} 
Output Low Voltage Level (lo.=4.2mA) Pe VWou i Oa] 
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KM416C254B, KM416V254B CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Symbol Power ' Speed 
KM416V254B KM416C254B 
5 110 
icc1 on't care z 65 80 mA 
-5 
Icc3 Don't care is 


Don't care 


Normal 
L 


Don't care 


Don't care 


ics | Dont care cence came acer IK“ 


Icc2 petabdby current (RAS= UCKS [CRS =W= ws, 


Icc4* : Hyper Page Mode current (RAS=ViL, UCAS or (CAS, Address cycling @tHPC=min,) 
lccs : Standby current (RAS=UCAS=LCAS =W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, UCAS LCAS=0.2V 
Din = Don't care, Trac= 125us, Tras=TRasmin~300 ns 


Iccs_ : Self refresh current 


RAS=UCAS=LCAS=Vit, W=OE=A0 ~ A8 = Vcc-0.2V_ or 0.2V, 
DQO ~ DQ15= Vcc-0.2V, 0.2V or open 


*NOTE : Icc1, Icc3, [cca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=ViL. In Icca, address can be 
changed maximum once within one hyper page cycle time, tHPC. 
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KM416C254B, KM416V254B a CMOS DRAM 


CAPACITANCE (Ta=25°C,Vcc=5V or 3.3V, f=1MHz) 
Input capacitance [AQ - A8} ee ae De es ee 
Input capacitance [RAS, UCAS,LCAS, W, OE} | coe | | | 


| OutputCapacitance(Da0-Dais}_ | oe S| | 


AC CHARACTERISTICS (0°Cs<Tas70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vil=2.4/0.8V, Voh/Vol =2.0/0.8V 
Test condition (3.3V device) : Vec=3.3V+0.3V, Vin/Vii=2.1/0.8V,  Voh/Vol =2.0/0.8V 


~~ Parameter 


[Access time from column address | tA | | 25| | _30|_ | 35] | 40] ns | 
‘[CxStooutputintowz sf tcuz | a] | af | a} Taf | ns | 3 
[Output Butter turn-off delay fromCAS | tcez | 3] 13| 3| 15] 3| 20] 3] 20| ns | 6,13] 
[Transition time (rise andfal) =| tT_—| 2| 80] 2{ sof 2] sol 2] so] ns | 2 | 
RAS prechargetime ss te | go] | 40] | so] | eo] | ons | 
RAS pulsewidth | tS | 50 10K| 60] 10K] 7ol10K| sol 10K] ns |_| 
RASholdtime Sst ts | a7] [a7] off oof fs | 
cASholdtime sts | aol | so] | col | of | ns | 

[CAS pulsewidth tas | [10k] 10] tox] isliok| 2of io] ns |_| 

RAS to CAS delay time tRCD | 20[ 33{ 20/ 43[ 20] s0| 20| 6o| ns | 4 | 
RAS to column address delay time tRAD | 15| 25] 15] 30/ 15] 35|[ 15] 40/ ns | 10 | 
[CAS toRAS prechagetime =f tonP | s| | s{ | 5] | s| [ ns| | 
fwsr | of | of [ of | of | ons] 
[ra | to] | 10} | to} | tof | ns | 
[usc | of { of | of J of [| ns] 14 | 
[can | 8 | tol {15} | -| [ons | 14 | 
frca | -[ [as] fis] | ts] | ns | 
RS lead ti [rar [as] | so] | a5] | aol | ns | 

ee a a) 


|_ns_| 
wwoH | o| | of | of | of | ns] a | 
wap | of | of | of { of | ns/ a | 
| of | o 


Read command hold time referenced to RAS 
Write command set-up time _ 


DviDiN 10 1}O JO jD ID 
8 | i¢ ig |g |< Ig Ie 
c |c fe fe 
Pe ie (3 3 [3 [3 |» |» 
8 8 |= [5 [5 [5 |e j| 
3 (15 |> |» Im Im 12 (2 
a jo {a ja {o jo 
= ie ig |S IS [8 [8 [8 
3 [5 |S |S |S |S |= Io 
S /6 2 |@ |@ | Io |e 
=~ I> |> lo ja |e 
Oo /2 /9 Jo [do |@ l= [5 
aie alalt |3 le 
se as jot to |® 15 
o |= 3 13 |e oO 
3 lo |® j® [5 
o | |p o 
a Qa jo jon 
©.) Je jw {Ss 
oO 53 |< 
3 
3 ro) 
o 
Q 
—_ 
(o} 
+ ~ 
3S 3 
2 a 


Write command hold time 


= |= 
TIO 
x 
| 
Al 
a 


Write command pulse width 
Write command to RAS lead time tR 
Write command to CAS lead time 
(*) : 50ns product : Vec=5V+5% 
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KM416C254B, KM416V254B 


‘CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, See note 1 a 


Data set-up time a 


Beye! eae Pee 


a 
oo} | of [of | ns | 


| fons | 9.20] 


Se ee es ee eal 
Dataholdtime(a.sy) StH | -| ts | || ts] ns | 
[Refresh period (Normal) Ss ste =| | Se] S|} S| St S| ai ms | 
Refresh period eve) ___‘finer_{ _|_ 128} 12e|_ | see] | tze]_ ms | 
oe ee 
FAStoW delytme _lirwo_{er|__{7e{_1 os} _ 
Column address to W delay time tAWD 42 2) 64 ns Z 
3 | 45 69 ns 
ime (CA A | 5 5 5 ns 18 
CAS hola time CAS-botore-FAS reftesh) [cH | 10 | 10 | 10 10 ns | 19 
RAS to CAS precharge time tRPC 5 5 5 
CAS precharge time (CBR counter test cycle 20 25 30 ns 
Access time from CAS precharge tCPA | 28} | 35 40 45| ns 
Hyper Page mode cycle time tHPC 20 | sf os} =| a0] ot as || ns | 11 | 
Hyper Page mode read-modify-write cycle time|tHPRWC| 47 56 71 81 ns 11 
CAS precharge time (Hyper page cycle tCP Sif 10) ot 10 ns 15 
RAS pulse width (Hyper page cycle) _ tRASP 80 100K] ns 
BAS hold time from CAS precharge tRHCP Pace 45 ns 
OE access time tOEA 15 15 20 || aol ns | 3 | 
3| | as{_ | 20 20 ns 
3| 20| ns | 6 
15 20 20 ns 
5 : 5 ns 
buffer tur a om RA tREZ 15|_3| 15 3| 20| 3| 20) ns | 619 
Output buffe n_off delay from W ‘\ 13 15| 3 0 3 20| ns 6 
W to data dela tWED 15 20 20 ns 
CAS hold time to OE tCHO 5 5 5 ns 
OE precharge time tOEP 5 ns 
W_ pulse width (Hyper page cycle tWPE 5 ns 
RAS pulse width(-B-R self refresh tRASS ‘00 | |1001 |} 100] - | 100 | us 12 
RAS precharge time (C-B-R self refresh tRPS | 90 | 110 130 150 ns 12 
CAS hold time (C-B-R self refresh) tCHS 50; | -so| | -50| -50 ns 12 
(*) : 50ns product : Vec=5V+5% 
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KM416C254B, KM416V254B CMOS DRAM 


NOTES : 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. _ 

2. Vik(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 50pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. —_ 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), . 
tRWD2 tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. | : 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . 

11. tASC 2 6ns, Assume tT=2.0ns. 

12. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). 


KM416C/V254B/BL Truth Table 


: 
oe ee ee ee ee ee 
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KM416C254B, KM416V254B | CMOS DRAM 


13. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS going. . 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. tCWL is specified from W falling edge to the earlier CAS rising edge 


IKK KR 
55505 


18. tCSR is referenced to earlier CAS falling low before RAS transition low. 
19. tCHR is referenced to the later CAS rising high after RAS transition low. 


tCSR tCHR © 
20. tDS, tDH is independently specified for lower byte Din(O~7), upper byte Din(8~15). 


UCAS 
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KM418C256B 


CMOS DRAM 


256K x 18 Bit CMOS Dynamic RAM with Fast Page Mode 
DESCRIPTION 


This is a family of 262,144 x 18 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time (-6, -7 or -8), power consumption (Normal 
or Low power) and package type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 256Kx18 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES 


e Part Identification 
- KM418C256B/BL (5V, 512 Ref.) 


¢ Active Power Dissipation 
Unit : mW 


| Speed Active Power Dissipation 


¢ Refresh cycles 


-. Refresh. __ Refresh Period 
cycle a 


cases | si2 | ams | 120me 


* Performance range 


[Speed | trac | tcac [tac [tec | 
| -6 | 60ns | 15ns_| 110ns | 4ons_ 
|_-7 | 7ons | 20ns | 130ns | 45ns_| 
| _-8 | ons | 20ns | 150ns | sons _| 


¢ Fast Page Mode operation 

¢ 2 CAS Byte/Word Read/Write operation 

¢ CAS-before-RAS refresh capability 

e RAS-only and Hidden refresh capability 
 Self-refresh capability (L-ver only) 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

e JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(Il) packages 
¢ Triple +5V+10% power supply 


FUNCTIONAL BLOCK DIAGRAM 


; Vcc 
UCAS Control : Vss 
LCAS Clocks 
$s Lower 


Data in 
Buffer 


Refresh Timer Row Decoder ee pas 
fo = 4 ata out 
Q Buffer 
Refresh Control B 
a 
2. 


Memory Array 
262,144 x 18 
Cells 


Refresh Counter 
_p-|Row Address Buffer 
iL ‘ol. Address Buffer 


l Serse Am 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM418C256B 


¢ KM418C256BJ 


(SOu) 


PIN CONFIGURATION (Top Views) 


* KM418C256BT 


(TSOP(il)-Forward Type) 


AO - A8. Address Inputs - 
DQO -17 Data In/Out 


Power (+5V) 


CMOS DRAM 


¢ KM418C256BTR 


(TSOP(Il)-Reverse Type) 


tae” 
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KM418C256B CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


_ Parameter _ | __Symbo!_ | Rating | Units 
Voltage on any pin relative to Vss Vin, Vout -1.0 to +7.0 


| PowerDissipation | Po | 
mA 


Short Circuit Output Current a ee ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Parameter | Symbo| win «(| stp —«|~SMax—=«d|—sUit_— 
SupplyVotage [Ve | 4s | _ 0 | ss__-'| v_ 
réend «| vs [| o[» |» |v 
Pingu igh Vorage | Vw [24 |) | Veen" |v 
= is 


*1 : Vcoc+2.0V/20ns, Pulse width is measured at Vcc. 
*2 : -2.0V/20ns, Pulse width is measured at Vss. 


<|i< 


< 


. 


DC AND. OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 


Input Leakage Current (Any input O<Vin<sVcc+0.5V, 
(Any input O<Vin<Vcc+0.5V, all other pins not under test=0V) 


Output Low Voltage Level (loL=4.2mA) 
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KM418C256B CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


___Symbot | Power | Speed =| Max | Units 


95 mA 
85 mA 


Normal 
Iocs Don't care 


Icce Don't care 


Icc1* : Operating current (RAS , UCAS, LCAS , Address cycling @tRC=min.) 

lcc2 : Standby current (RAS=UCAS=LCAS=W=Vu ) 

Icca* : RAS-only refresh current (UCAS=LCAS=Vin, RAS , Address cycling @tRC=min.) 

Icca* : Fast Page Mode current (RAS=ViL, UCAS or LCAS, Address cycling @tPC=min.) 

Iccs : Standby current (RAS=UCAS=LCAS =W=Vcc-0.2V) 

icce* : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, UCAS,LCAS=0.2V 


Din = Don't care, Trc= 125s, TRas=TrRasmin~300 ns 


Icci Don't care 


Icc3 "Don't care 


Icca Don't care 


85 


Iccs_ : Self refresh current 
RAS=UCAS=LCAS=Vit, W=OE=A0 ~ A8 = Vcc-0.2V_ or 0.2V, 
DQO ~ DQ17= Vcc-0.2V, 0.2V or open 


*NOTE : Icc1, Icc3, lcca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Iccs, address can be 
changed maximum once within one fast page mode cycle time tPC. 


FLECTRONICS 


KM418C256B | CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=5V, f=1MHz) 


Input capacitance [AO - A8] ae a a ee 
Input capacitance [RAS, UCAS,LCAS, W, OE] ae | pF 
Output Capacitance [DQ0 - DQ17] 


AC CHARACTERISTICS (0°Cs<Tas70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Voi =2.4/0.4V 


ee re 


Random read or write cycle time | pc [10] f130] =f isof =| ons | 
Read-modify-write cycle time a gf aie 
[Accesstime fromRAS —=S~S~*~s«CiRAG*S*;~SC*d;sC@| | 70] | eo] ns [ato | 
Access time from CAS _|tcac | | 1st | ao] | 20] ns | 345 | 
Access time from column address | 30] | 35] | 40] ns | 3,10 | 
CAS to output in Low-Z_ fraz | of | of | of | rs | 3 | 
[Output buffertum-offdelay | torr | oo] 15] 0] 15] 0} 15) 


| ons | 7 | 
Transition time (rise and fal) | | 3] so] 3/ so] 3] sol ns | 2 | 
RAS precharge time pap {| 4o[ [so] { e] | ms | | 


FAS pulse width | tras | 60] 10K| 70] 10K] sol toK| ns | | 
RAS hold time | tasH | 15] | 20] | aol | ns | | 


CAS hold time | wcsH_ | col | vol | sof | ns | | 
CAS pulse width | tcas | 15| 10k] 20/10K| ‘ao{ tox] ns | | 
RAS to CAS delay time | taco | 20| 45| 20| 50[ 20| eo| ns | 4 | 
RAS to column address delay time | trap |- 15| 30/ 15/ 35| 15] 4o| ns | 10 | 


CAS to RAS precharge time | icrp | s{ | 5s} | s| [ mm { 
Row address set-up time | wash [ of | of | of [ ms { | 
Row address hold time | tray | io] | tol [| rol | ns {| 
Column address set-up time | msc { of -[ of | of [ rs | | 
| Column address hold time | cad | io] | is] | as{ | ons | 


Column address to RAS lead time | waar | so] | 35] | aol | ns | | 


Read command set-up time | tacs_ | of | of | of | ns | 
[Read command holdtime referencedtoCAS| tacH_ | o| | o| | o| | ns | 8 | 
Read command hold time referenced to RAS | tmRH | ol | of | of [| ns | 8 | 
Write command set-up time | wes | of | o/- | of -| ns | 7 | 
Write command hold time | wen | 1o/ | to] | ol | ns | | 
Write command pulse width we | wl | wl [wl | ns {| 
Write commandtoRASleadtime | tawe | i5/ | is{_ | ao| | ns | | 


fast | aol 


. 
Nm 
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KM418C256B | CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 


Paramator - simvot |Past act ac Une Non 
ie ese 


Datasetuptime | ts | Co | | | 

[Refresh period (Normal) | ter | | S|} gsm 

See porediee) A 
tCWD 


CAS to W delay time 


Z 
RAS to W delay time . tRWD 85 95 105 | | ns 
7 


Column address to W delay time tAWD 55 60 65 ns ae 


CAS precharge to W delay time _tCPWO | 6 | | 6s | | | 
CAS set-up time (CAS-before-RAS refresh tCSR 
AS hold time (CAS-before-RAS refresh tcHR | to] | wo| | | | ns | | 
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Access time from CAS precharge tCPA | 35 40 45 
Fast Page mode cycle time tPC 45 50 
Fast Page mode read-modify-write cycle time tPRWC 85 95 105 | | 


a 
n 


CAS precharge time (Fast page cycle 


tCP | 40 | 10 

RAS pulse width (Fast page cycle | tpasp | 60 | 100K | 70 | 100K| 80 | 100K ns 
BAS hold time from CAS precharge 

OE access time tOEA ae ee 20 20/ =ns 
OE to data dela | toen | 15 | ‘| 20] 20 

Out put buffer turn off delay time from OE | wEz | o| 15 20 | o | 2 
OE command hold time | tock | is | | 2] | a| | 
RAS pulse width(C-B-R self refresh | trass [100] |100; [100] | ps | 


[RAS precharge time (C-B-R self refresh) | taps | 110 | [130 || 150 | 
AS hold time (C-B-R self refresh tCHS__- |-so|  |-sol  |-so[ | 


_ 
oOo 
5S 
7) 


(2) 
=) 


mh 
—_ 


—_ 
=_ 


ELECTRONICS 


-KM418C256B | | GMOS DRAM 


NOTES 


1. 


10. 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vi.(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads.and 100pF. | 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 


a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD>= tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Von or VoL. --- 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD= tRWD(min) and taWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify-write cycles. . 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


KM418C256B/BL Truth Table 


| 


PSimsunig _ 
_ ELECTRONICS 


KM418C256B | CMOS DRAM 


11.512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). 

12. tASC, tCAH are referenced to the earlier CAS falling edge. 

13. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

14. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tCWL is specified from W falling edge to the earlier CAS rising edge 


LCAS 


AA 


ADD. a ROK 


= 


16. tCSR is referenced to earlier CAS falling low before RAS transition low. 
17. tCHR is referenced to the later CAS rising high after RAS transition low. 


RA 


tCSR tCHR 
18. tDS, tDH is independently specified for lower byte Din (O~8), upper byte Din(9~17). 
LCAS 


UCAS 


DQO0~ © .O9.6.9.6,9.0,04 NS Wd Sf Sf Wo A a a a a a eo oe ea OO OOD PP OP PD a I DD a 
TORRY Din Moore ooe TN 
DQB — LLIN PRR KKK RK KR K 


CXKKKOIOODOODOILKLILK KICKS r Din | CSOOSKSOOO XC xx xxx) or O oO OOOKKKKS CS C) , O ?, oO 
DQ17 SSRI RIM RSS ROI III KI 
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ELECTRONICS 


16M DRAM 
KM41C16000A 
KM41V16000A 
KM41C16002A 
KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A 
KM44C4002A 
KM44C4102A 
KM44C4003A 
KM44C4103A 
KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 
KM44C4010A 
KM44C4110A 
KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A 
KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A 
KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A 
KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 
KM432V502 — 3 
KM432V522 
KM432V504 
KM432V524 


vw: 


KM41C16000A, KM41V16000A CMOS DRAM 


16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 16,777,216 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time(-5, 
-6, -7 or -8), power consumption(Normal, Low power or Super-Low power) and package type(SOJ or 
TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only 
refresh and Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL version. 
This 16Mx1 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high level computer and microcomputer. 


FEATURES . © Fast Page Mode operation 
* Part Identification ° AS-before-RAS refresh capability - 
- KM41C16000A/AL/ASL (5V, 4K Ref.) e RAS-only and Hidden refresh capability 


- KM41V16000AVAL/ASL (3.3V, 4K Ref.) ° Self-refresh capability(L & SL-ver) 
e Fast parallel test mode capability 


¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
* Active Power Dissipation = nit: mw ¢ Early Write or output enable controlled write 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOP(II) packages 
¢ Single +5V+10% power supply(5V product) 
¢ Single +3.3V+0.3V power supply(3.3V product) 


* Refresh cycles . FUNCTIONAL BLOCK DIAGRAM 


Patt | Vo¢ Refresh|. Refresh period 
No__|¥°° | cycle | i: 
C16000A| 5V Control ¥ 


Data in D 
aE mn Buffer 
¢ Performance range: , : = 
emory Array |% 
Speed] tRAC| tCAc 16,777,216x 1 |= a 
5 [Sons] Tans | 90ns| 36ne [SV Only aren | 
| -6 | |110ns| 5V/3.3V PP lRow Address Buffer] 3 


| 60ns | 15ns | Data out 


[_-8 | Sons [20ns [¥50ns] Ons | 5VB.3V | 


‘ol. Address Buffer Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM41C16000A, KM41V1 6000A CMOS DRAM 
PIN CONFIGURATION (Top Views) 


_ © KM41C/V16000AJ __ # KM41C/V16000AT ¢ KM41C/V16000ATR 


J: 400 mil 24(28) SOU T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP II(Rev.) 


° KM41C/V16000AK — ¢ KM41C/V16000AS. _ © KM41C/V16000ASR 


~K: 300 mil 24(26) Sod S : 300 mil 24(26) TSOP II SR : 300 mil 24(26) TSOP Ii(Rev.) 


4 


paso 
| | Dataout 
i Mes | 


[Ground 
| RAS | RowAddress Strobe 
| 

{Wo Read/Write input 
[ve [pete] 


- nMSUN Gg | | _ “aoe, pt e180 
ELECTRONICS | oa ee P 


KM41C16000A, KM41V16000A—t#t*” CMOS DRAM 


ABSOLUTE MAXIMUM M RATINGS 


Ee ype teenete ne eeee a caetareaae) ieee 
otae on Vr supp rete to Wea | er | a5 w a48 [aw a70 | V— 
[Power Dissipation ——=Ss~Ci‘idY=SiwP | ST | St | 
[Shor Gicut Oupacoret | be | 60 | 60 | ma | 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS Wokades te referenced to Vss, Ta= 0 to 70 eo) 


Ee ebere eatee evareahe sears eaers ratte apasene er 
Ground ssf ths Mee] 0 oe 
[Input High Voltage | Vin | 20 | - |veceoa't] 24 | - | vocet | ov 
|InputLow Vottage | ve | -03? | - | o8 | 10? | - | 08 | v | 


*1.: Voc + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


DC coe OREBO UNS SHAGAGTESIICS sill edb cetelcial conaiions: umess onemwise noted.) 


Parameter oe 


| Input Leakage Current (Any input O<Vin<Vcc+0.3V, 
all other pins not under test=0 volt.) 


Output Leakage Current low) 
(Data out is disabled, OV<Vouts<Vcc) 
Output High Voltage Level(loH=-2mA) ep 
_ Output Low Voltage Level(lo.=2mA) Pe eee 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, Ine) - 85 WA 
all other pins not under test=0 volt.) 

Output Leakage Current isi 

(Data out is disabled, OV<Vour<Vec) o 

Output High Voltage Level(lox#=-5mA) ee oa 

Output Low Voltage Level(lo.=4.2mA ee ee 


ELECTRONICS ae ie 


KM41C16000A, KM41V16000A CMOS DRAM 


Oe cub y OEERATING CHARACTERISTICS Seeellant ) 


Normal : : 


Don't care 


Normal 
L 
SL 


Don't care 
Don't care 


Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 
loce : Standby Current (RAS=CAS=W=Vu ) 
Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
Icca* : Fast Page Mode Current (RAS=Vit, CAS, Address cycling @tPC=min.) 
Ices : Standby Current (RAS=CAS=W=Vcc-0.2V) 
Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vec-0.2V, Input low voltage(Vi_)=0.2V, CAS= 0.2V 
Din = Don't care, TRc= 31.25us(L-ver), 62.5us(SL-ver), TRas=TRASmin~300 ns 
Iccs : Self Refresh Current 
RAS=CAS=0.2V, W=A0 ~ A11 = Vec-0.2V or 0.2V, D,Q=Vec-0.2V, 0.2V or Open 


*NOTE: lcci, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 


ELECTRONICS 


KM41C16000A, KM41V16000A | ‘CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance (D 


Input capacitance [AO - A11] 
Input capacitance [RAS, CAS, W] 
Output Capacitance [Q] 


AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition(5V device) : Vec=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Vol =2.4/0.4V 


D 
= 
fe 


Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 
Beane | Min Max | Min | Max| Min] Max| Min| Max | 1" | 
| faso] fags} fas] | ns | 
|| 70] | a0 | ns |3,4,10) 
A 


O | 
> |> 
eure) 


| fas] | so] | ss} {40 | ns | 310. 
| fof fot fof | ns] 3 | 
foli{olis{ola|o| a] ns] 6 | 


616 
a1 |N 


tro | oo| fio] iro] r50] | ns | 
RK [50 | | 60 

| jis] fis] | ao} | 20 | ns | 345 
tAA 

t | 3{so}3 | 50/3/50] 3] so] os | 2 | 
[so] [aol |so| eo} |ns] | 
tras | 50 [10K] 60 | 10K] 70 |10k| so| tok | ns | 
msH | 13] jis | [ao] || | ns | | 
resH_ | 50] [eo| [vo] |ao| {ns | | 
rcas | 13 | 10k | 15 | 10k] 20 | 10k| 20 | 10K | ns | | 


45 |20 | 50 | 20| 60 | ns | 4 


25 | 15 | 30 |15| 35 | 15| 40 | ns | 
is { is) is] | 


Write command to CAS lead time 
Note) *1 : 5V only 


ELECTRONICS 


KM41C16000A, KM41V16000A Bnet 5. ah K. CMOS. DRAM 


AC CHARACTERISTICS (Continuecd) cae 


‘Parameter ae = i nea sic] cs tse ad ae Min| ee 

= mm miei im 9 a 
Datahodtime ft to | fo | fis] fs | tins fo 
DataholdtimereferencedtoRAS ss (tDHR [40]  |45{ [ss] sf eo| | ns. | a5 _| 
Refresh period( Norma) __—=—=—=StREF | | oa | | oa | | oa | | o4 |ms| | 
Refresh period(L-ver) = tREF | [128] | 128] | ize | | 128 | ms_ 
pte eg war[ [see | [a | ae 
Write commandsetuptime twos |o| jo | jo} fo{ [as |7 
CAStoWdelaytime ss sSsftcwo [43 | 1s] ao] ~~ fo] ns | 7_ |, 
RAS to Wdelaytime|ewo [50 [ [eo | 70] [oo] [re | 7 
Column address toWdelaytime = ftawo [25 | {30 [a5] | ao] | ns | 7 _| 
CAS prechargetoWdelaytime _—S=—[tcpwo|30| jas] 4oj sf 45| ins | 
CAS set-up time (CAS-before-BAS refresh) [tcsh_[5 | [5 | [s5/  [s5{ [ns | | 
CAS hold time (CAS-before-HAS refresh) |tcHR |10|  |10{ [15] sf 15] [ns | 
AS toCAS prechargetime _—Ss———sitrPc {5 | [5 | {(s| [sj] |ns| | 
CAS precharge time(CBR countertest cycte)|tcpt_|20|  |a0{ |ao| {aol sins |. 
Access time from CAS precharge _—=|tcpa_| | 30 | | 35 | | 40 | | 45 | ns | 3 | 
FasiPape nods qi [ee [| [a | tas [| [re 
Fast Page mode read-modity-write cycletimatpRWC|s3| [eo —_{7o|_ - jeo| {ns | | 
CAS pecage ine axipage cyte) ic? [so | [vo [io [v0] | 
FAS ple wih (Fst page eyl)_IRASP 60 2004 e0_|200K'70/ 200K | <0 200K |_| 
RAS hold time from CAS precharge tcp |30|_ _{as| [ao] ~—Ssfas| | ns | 
tne conand setup imetTesinedem) lows [10] [10 [vo [0] [ve [a 
Write command hold time(Test mode in) _[twrH |1o| [10] |1o| — fo] | ns | at _| 
W to RAS precharge time(C-B-R refresh wap lio] l1o/| |10l ‘| 10 | fins | | 
orasroatnat tate ——lowe [2 { fae | [aol faa Tos 
RAS pulse width(C-B-F self refresh) _—[tpass [100| _[1o0| __[rool_—_—tto0| [us | 14 | 
Ee soe mesic ieee ees loi! lal al 
EAS holdtime C-B-Rself refresh) __—itcns | -sol _|-sol |-sol sf -so| ns _| 14 | 


Note) *1:5V a 


O 


<<” : LETTE , ie PO ee 
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KM41C16000A, KM41V16000A CMOS DRAM 


TEST MODE CYCLE 
— | (Note. 11) 


Parameter _ nest tia ia eles a 
none a wiogeeine junc er eee cae iee  e 
IReadmodty-wnite cycle wre | wawe [198] freol [100] lotol | ns | 
Accession EAS’ aac | Be ee | ge | ee one lag 
Access tnoRoneAS ewes) eae dco flee oe oe | Gael 
Aecges ters haniccnnitadiwe. mae soe) oe ao | ae eee hate 
RAS puscewith sd aras [65 10K [es] 10x 75] 10K los] tox ne |_| 
EAS pulso width wea | 10] 10K [20] 10K les | tox Los! 10K | ne | 
RAS holdtime su tte lool tes les] _Ins | 
exShodime ee es los) lve feel ae | 
Buus nimeimne. 2 acs 2 Venlo ee ee 
eSW ine ewe oe oe eile | 
sowed 


ea. time finwo {| s5| fe6s| _—i| 7s | 95 | 

Column addresstoWdelaytime =| tawo [30] as] f4o] as} | ns | 7 | 

Fast Pace modecicetme _|we _{4o| [ast __{so| tse] fos |_| 

[Fast page mode read-modify-write cycle time| Rwc| s8| [es] —i7s| fas} tins | 

RAS pulse width (Fast page cycle) __—_| tRASP| 55 | 200K| 65 | 200K | 75 | 200K | a5 | 200k | ns | 
KS precharge pa | | 3s | | a | [4s | | 50 Ins! a | 


Neto) a es 5V only 


_ FLECTRONICS ” # | 


KM41C16000A, KM41V16000A | | | CMOS DRAM 


NOTES 


ls 


13. 


14, 


15. 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vi(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD2 tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Von or VoL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2twWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 


. These parameters are referenced to the CAS leading edge in early write cycles and to the W 


leading edge in read-modify-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 


a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 


In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

tOFF(max) defines the time at which the output achieves the open circuit condition and are not 
referenced to output voltage level. 

4096 cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification. 

tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM41C16002A | | - CMOS DRAM 


16M x 1Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 16,777,216 x 1 bit Static Column Mode CMOS DRAMs. Static Column Mode offers 
high speed random access of memory cells within the same row. Access time(-5, -6, -7 or -8) and package 
type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 16Mx1 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. it may be used as main memory unit for high level computer and 
high performance microprocessor systems. 


FEATURES 
¢ Part Identification ¢ Static Column Mode operation 
- KM41C16002A(5V, 4K Ref.) ¢ CS-before-RAS refresh capability 


¢ RAS-only and Hidden refresh capability 
¢ Fast parallel test mode capability 


* Active Power Dissipation ¢ TTL compatible inputs and outputs 


Unit : mw 


¢ Early Write or Output enable controlled write 
¢ Available in Plastic SOJ and TSOP(Il) packages 
ee ee 


¢ Single +5V+10% power supply 


a a ae” 
i 


¢ Refresh cycles 
cycle ‘ 


¢ Performance range: 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks VBB Generator 


Refresh Timer 


Vec 
Vss 


2x 


aa 


Row Address Buffer 


‘ol. Address Buffer 


[7 [Tons | 20ns | r30ns_|_40ns | 
[8 [eons | 20ns | 150ns | 4éns | 


AO~A11 


Column Decoder 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM41C16002A Oe CMOS DRAM 


PIN CONFIGURATION (Top Views) | 
* KM41C16002AJ * KM41C16002AT °KM41C16002ATR 


J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP II(Rev.) 
° KM41C16002AK ¢ KM41C16002AS * KM41C16002ASR 
Vss 0} 24 ©1610 Vcc 
Qt 23 D 
N.C fh 20 N.C 
cs iT] 24 W 
N.C 1490 RAS 
AST 19 Ait 
A818 A10 
A70417 AO 
A6 M416 Ai 
A5 W415 A2 
A404 14 A3 


* SR : 300 mil 24(26) TSOP II(Rev.) 


PPsomsungg 


ELECTRONICS 


KM41C16002A Oo | Oo a CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


: 
Power dissipation __——~SsdT Si] Cd 
Short ect outputcuvent «esi 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional! operation should be restricted to the conditions as detailed in the operational sections of 
‘this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. |; 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Supply vollage | Ver 


*1 : Vec+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2: -2.0V at pulse width < 20ns (pulse width is measured at Vss) 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 


Input leakage current (Any input O<VinsVcc+0.5V 
all other pins not under test=0 volts.) 


Output leakage current bie 5 5 

(Data out is disabled, OV<VoutsVcc) 2 

Output high voltage level(loH=-5mA) | vo | 24 | - | ov | 
Output low voltage level(loL=4.2mA) | ovo | - | 04 | V 


ELECTRONICS : 


KM41C16002A CMOS DRAM 


DC AND OPERATING CHARACTERISTICS ionunued) 


~KM41C16002A a rea 


ie 
mA 
mA 


mA . 


mA 
mA 
mA 
mA 


mA 
mA 
mA 
mA 


Icc1 *: Operating current (RAS andCS cycling @tRC=min.) 

lcce : Standby current (RAS=CS=W=Vim ) 

Icc3 *: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icc4 *: Static Column Mode current (RAS=Vi, CS, Address cycling @tSC=min.) 
Iccs : Standby current (RAS=CS=W=Vcc-0.2V) 

icce *: CS-before-RAS refresh current (RAS and CS cycling. @tRC=min.) 


*NOTE:  Icc1, Icc3, Ilcc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , lecs 
and Iccs, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one Static Column mode cycle time tSC. 
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ELECTRONICS 


KM41C16002A CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V , f=1MHz) 


Parameter 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vih/Vil = 2.4/0.8V, ee 2. a a 


Parameter . 


Random read or write cycle time ltac =| 90] |1t0] ~—fi30f- —sfasol =o] ons | 

Read-modify-write cycle time Ce ee 

Access time from RAS ftRac | =| 50] | | 80 | ns |3,4,10] 

Access time from CS reve | fet [ef fo fw fans 

Access time from column address wa {fast fol tel {ao | fone 
| 1CLZ 


CS to output in Low-Z 

Output buffer turn-off delay from CS 

Transition time (rise and fall) 

RAS precharge time | 60 | 

RAS pulse width | tras | 50 [10k | 60 | 10K| 70 /10K| go [10K | ns |_| 
RAS holdtime tRSH pL fae, fa fel 

CS hold time 701 | go | 

CS pulse width feo [| lw eho = | 
RAS to TS delay time 20 | 37. 20 | 50 | 29 | 60 | ns | 

BAS to column address delay time tRAD 22.120 45 204 80 20) 60 oe | 
CS to RAS precharge time ftcrp | 5| | 5 5 5 ai 


Row address set-up time fuse | of |ol{ Jol Jol J[nrs| | 
Row address hold time [trad | tol [io] |1ol [ao] | 

Column address set-up time | | 

Column address hold time 

Column address hold time tAR 

Column address to RAS lead time lira | 25] | 30 

Read command set-up time tRCS 

Read command hoid time referenced to CS 


ra 
Read command hold time referenced to RAS enaalvode sion clea Cai oh ecalas 
Write command hold time fweH | io] [io] [is| [is! | ns | | 


Write command hold time referenced to RAS | tWCR 
Write command pulse width tWP 
Write command to RAS lead time 
Write command to CS lead time tCWL 


ea 
Peet. fos [ol fo ole Pol fms 
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AC CHARACTERISTICS (Continued) 


Parameter 


D 
= 
fe) 


tCSR 
$ hold time (CS-before-RAS refresh tCHR 
precharge time 
tCPT 
Ss 
tSR 
tALW 


Output data hold time from column address |tAOH 5 


ar es ea ae 

Output data enable timefromW tow | {a5 { | 40 | | 45 | | 55 [ns | | 
CS precharge time (Static Column cycle rcp lio] | 10 10 | otto] ns | | 
pulse width (Static Column cycle Itpasc | 50 200K! 60 |200K 170 200K | 80] 100K | ns |_| | 
CS pulth width (Static Column cycle) _|tcsc_| 13 |200k| 15 |200k | 20 | 200k | 20 | 200K | ns |_| 

Column address hold time referencedto RAS risingltaH | 5 |  |5 | |s5/  |s5| [ns |_| 
25| 30 |25/ 35 [ns | 
Last write to column address holdtime __ltarmw| so] iss| tes] | 7s|_ [ns |_| 
Writecommand inactivetime = itwi_— fio! tio] to ~—o | ins | 
Write address hold time referencedtoRAS |tawr | 4o|  |as| |ss|_ st eo| ns | 
Write command set-up time(Test mode in) _ltwrs |i10| |10| iol iio) ns |_| 
Write command holdtime(Test mode in) [wt | 10! {io} {iol ~—fto| ss tns |_| 
W to BAS precharge time(C-B-R refresh) ltwap |io| [io| lio] iol [ns | 
WitoRASholdtime(C-B-F refresh) twa | 10] j10] — ftof fo] ns | 


N 
oO 


precharge time(C-B-R counter test cycle 


oO 


> ID |W OF oO |zD DIVIO- | 
3 |& |& a a o a a = QIMiBi 
© |S |= o 1S S/O lo | [Pp 
2 is |O Se 2 (5 (2 /9i8 is (8 15 fo 
3 |§ = a 5 1B Hla ja ie lela} | 
® [3 |§ z{Slo jo 1/3/98 laeia} 
FT 13 «(5 9 is 316 |0 |O s 
Oo 15 OD In a 
3 |3 (2 o TSF 3 
= |o |9 Ale Jae 13 2 Q : 
pin |2 wl 13 jo [& oO j 
wm j2 |O 1 oD D = : 
= |: Blo is 2 : - 
3 3 Qo omy = ® 
=. ~ 1 wd DO - 4 
< z D = = : os 
5 ro a 3 z 
~ S 
QO Q ae! 
oA = - ; ae no 
3 ae 


a D S$ 
u = 
= 1?) rw] 
re) 
o | |e ls so fs |e [a [8 [ao 


; 
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KM41C16002A CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 


Sue nl a 
Erna ee fel ey ee hele ee 
Read-modiy-wrie cycletme | RWG [40] __|r60) [rao] __[evof | ns] | 


feaestine fon ES me | | Pe] Pe] wee a 
AccesstimefromtS SC CAC | | 18 | | 20 | | 25 | | os | ns | 3,405] 


asset coiibtieens == ane a0] os (leo Nicaea a 


75 | 10k | 85| 10K 
10K_| 25 | 10K 
IRASholdtime Ss RSH | 20] 20] 25 25 


CS hold time ‘reso {ss} fos} sis] tes] | ns 
Column address to RAS leadtime =| rat | 90| [35/0 48 ns 
CStoWdelaytime Ss two | ta] fol] as 25 ns 
RAS to W delay time tRWD | 55 65 75 85 ns 
ee ee address to W delay time tAWD | 30 35 40 45 ns 
[Static Column mode cycle time | Column mode cycle time 35 a 45 50 ns 


nao oi 75 85 = 
RAS pulse width (Static Column cycle tRASC| 55 | 200K | 65| 200K | 75 | 200K | 85 | 200K 


Access time form last write tALW | | 55 | 70 80 ns | 311 


an i. 
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KM41C16002A CMOS DRAM 


NOTES 


ad 


13. 


14. 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and ViL(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD> tRCD(max). 


. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 


Output will contain the data read from the selected address. If neither of the above conditions is 


satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
are ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by ons to 5ns for the specified 


values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

tOFF(max) defines the time at which the output achieves the open circuit condition and are not 
referenced to output voltage level. 

tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A CMOS DRAM 


4M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh 
cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power consumption(Normal, Low power or 
Super-Low power) and package type(SOJ or TSOP-II) are optional features of this family. All of this family 
have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh 
operation is available in L & SL version. 

This 4Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high level computer, microcomputer and personal computer. 


FEATURES e Fast Page Mode operation 
¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44C4000A/AL/ASL (5V, 4K Ref.) e RAS-only and Hidden refresh capability 
- KM44C4100A/AL/ASL (5V, 2K Ref.) * Self-refresh capability(L & SL - ver) 
; eee ee a ee Si ¢ Fast parallel test mode capability 
o oa , ¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
* Active Power Dissipation Unit : mW * Early Write or output enable controlled write 


e JEDEC Standard pinout 

¢ Available in Plastic SOJ and TSOP(Il) packages 
e Single +5V+10% power supply(5V product) 

¢ Single +3.3V+0.3V power supply(3.3V product) 


a 
Pca] aie | 288 | 330] 440 | 


* Refresh cycles . FUNCTIONAL BLOCK DIAGRAM 
Peat] Rea peed 


c ape 


eels 


e Performance range: 


po 
Refresh Control 


DQO 
wionaba 4 : 
| -5 | 50ns | 13ns | | 90ns} 35ns | 5V Only | Only Cells DQ3 
| -6 | 60ns| 15ns|110ns| 40ns | 5V/3.3V | —A0-A11 Fe jfow Address Buffer = 

‘AO ~A10)* ata ou’ 
[-7_| 70ns | 20ns |130ns| 46ns | svi3.av| “’ "re Butter [@- OF 


(AO ~A10)*1 
Note) *1 : 2K Refresh 


<8 80ns [ 2ons [160ns] Sons [SV8.3V] 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ean” na 
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KM44C4000A, KM44C4100A . 
_ KM44V4000A, KM44V4100A | CMOS DRAM 


PIN CONFIGURATION (Top Views) 
* KM44C/V40(1)00AJ ¢ KM44C/V40(1)00AT ° KM44C/V40(1)00ATR © 


J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP II(Rev.) 


¢ KM44C/V40(1)00AK _ ¢ KM44C/V40(1)00AS ° KM44C/V40(1)00ASR 


' K: 300 mil 24(26) SOJ S : 300 mil 24(26) TSOP Il SR: 300 mil 24(26) TSOP II(Rev.) 
* A11 is N.C for KM44C/V4100A(5V/3.3V, 2K Ref. product) 


AO-A11 | Address Inputs(4K Product 
AQ -A10 | Address Inputs(2K Product 


DQO -3 Data In/Out 


Vs 


Ss 
| OE _| DataOutputsEnable 
No Connection(2K Refresh) 


Pons unigl ' 
ELECTRONICS _ “= 


KM44C4000A, KM44C4100A |  y 
KM44V4000A, KM44V4100A 7 CMOS DRAM 


ck guraber- ok 


casera ts 
eee oanminenemies | wie | one ae ef 
vetage on Ver supp eaieio ee [Ve | os wens [re v0 |v 
[Storage Temperature _——SS*d?SCTatg” | S8 to 160 | a8 tov150 | "O 
Power Dissipation ———S~S~—rSC‘i 
[Shor Gireuit Output Curent «ties =O 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


RECOMMENDED one CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


‘Parameter. 


pee ee ee eee 
Ground Ee ne 

input High Vorage | vw | 20 | -|vexas"] 24 | | voots[ v 
‘inputLow votage | va | 03] - | os | 10¥] - | o@ | v | 


“1: Vec + 1.3V/15ns(3.3V), Voc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


< 


FRE 


< 


DC AND sane ornare CHARACTERISTICS (Recommended ae conditions I otherwise noted.) 


a Parameter — 
—— renege Current (Any input 0<Vin<Vcc+0. 3V, I) -5 
all other pins not under test=0 volt.) 
Output Leakage Current ina: 5 
(Data out is disabled, OV<Vout<Vcc) e " 
Output High Voltage Level(loH=-2mA) Gat bles Yes¥eq) |_| 
Output Low Voltage Level(lo.=2mA) ra 
Input Leakage Current (Any input 0<Vin<Vcc+0.5V, lu) 
all other pins not under test=0 volt.) 
Output Leakage Current 5 
(Data out is disabled, Sarr ee ae ao ” 
Output High Voltage | Output High Voltage Level(lon=-5mA) eta po 
Output Low Voltage Level(lo.=4.2mA) See ee 


- com ) | 167 


ELECTRONICS 


KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A_ | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Don't care 


Normal : 
eee 


Icc3 Don't care 100 


80 


Don't care 80 
He 
Iocs Don't care a 
ek 200 oa 
Don't care 100 


; 450 400 400 
=[ ets TET et ete 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 
Icc2 : Standby Current (RAS=CAS=W=Vin ) 
Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
Icca* : Fast Page Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.) 
Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 
Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS= 0.2V 
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 1 25us(2K/SL-ver) ; 
_Tras=Trasmin~300 ns 
Iccs : Self Refresh Current 
RAS=CAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQ0 ~ DQ3= Vec-0.2V, 0.2V or Open 


*NOTE : Icct, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In. Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Iccs, address can be 

“changed maximum once within one fast page mode eycle time tPC. 


PE AMS Ui 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A | | CMOS DRAM 


CAPACITANCE (T=25°C,Vcc=5V or 3.3V, f=1MHz) | 


Parameter 


Output Capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Voi =2.4/0.4V 


Random read or write cycle time tR | f450]/ | sons | 


A 


PtRP 
| tCas_| 
| tRcD | 


15] }20] aol | ns | 
so] |eo| {vo} Jel |ns| | 
tcas_| 13 | 10K] 15 | 10K| 20 | 10K| 20 | 10K | ns |_| 
trep | 20] 37 | 20 | 45 |20| 50 | 20| 60 | ns | 4 | 
[15 | 25 [45 | 20 [15 | 35 | 15 | 40 | ns | 

| ts] ts] [st ins] | 
Row address set-up time fwsa | of [o} j|o| Jol |ns| | 
[Rowaddress holdtime =| RAH | 10| [ao | [to] [iol | ns |__| 
[Column address setuptime | tas | | sofia Shaped <i} te] 
[Column address holdtime =| CAH | 10] | 10 | 
[Column address hold time referencedtoRAS| taR_ | 40 |__| 
[Column address to RAS leadtime __——| RAL | 25 |_| 
[Readcommandsetuptime =| tacs | o| | 
| Read command hold time referencedtoTAS| trcH | o| | 0 | 


Note) *1 : 5V only 
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KM44C4000A, KM44C4100A ig Sore, shop, Bicone Baie 
_ KM44V4000A, KM44V4100A | ... CMOS DRAM 
“AC CHARACTERISTICS (Continuecd) | Cee 


i | fs! 
CAS precharge time(CBR countertestcycle)|tcpT_|20| |20| |3of | ao) | ns | a | 
3 a ee 


Fast Page mode cycletime = tpc a5 | [ao] fas} so] ins | 
Fast Page mode read-modify-wrte cycle time tPRWC|76 | [a5 | |too| | 105] | ns 

CAS precharge time (Fast page cycle) |tcP__|1o|  |10|  —|10/ ~— | 10 | ns | 

RAS pulse width (Fast page cycle) rasp | 50 |200k| 60 |200k | 70| 200k | 80 | 200K [ns | | 
RAS hold time fromCAS precharge _—[tRHCP | 30 | as | ao} fas | | ns | 
OE access time ora | [13] [is | | 20 | | 20 [ns || 
OE to data delay | oeo [is] || faol tao] ns | 
Out put buffer turn off delay time from OE roez |o | 13 ]/0/15 |o] 20 | 0!] 20 [ns | | 
OE command hold time __fioeH [ia] fas | ao] ff aot ns | 
Write command set-up time(Test mode in) wis [io|  |1o] fto] sf to] st ns [ata | 
Write command hold time(Test mode in) twtH {to} lio] ftol ~— sf tof st ns [aa 
W to RAS precharge time(C-B-R refresh) wre {to} ito; fro] fio} ns |] | 
W to RAS hold time(C-B-R refresh) wed |i0|  jto{ [iol [rol [ns | | 
RAS pulse width(C-B-R self refresh trass |100{  {100/ —frool =~ sftoo] =f us [aa | 
RAS precharge time (C-B-A selfrefresh) [APS | 90| [110] ___frgo]_— iso] | ns | ta _| 
CAS hold time (C-B-Rselfrefreshy _——itcHs_| -50|__|-so| _—[-so]_ [so] ins | 14 | 


Note) *1 : 5V only 


OQ) |D 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 


Parameter 
Rueeeee ee ee ee 155] | ns | 
Read-modify-write cycletime =| tRWC [138] |teo|_—S [190] ~— ato] = | ns | 


AccesstimefromRAS | tC | | 85 || os | | 75 | | es | ns [aad 
Access timetromtaS [tcc | | 18 | | 20 | | as | | 25 | ns | a4 
[Access time fromcolumn address | tA | | 30 | | 35 | | ao | | 45 | ns | 3,10) 
RAS pulsewidth | tS | 85] 10K |o5| 10K | 75] 10K | a5] 10K | ns |_| 
CAS pusewiath | tas | 18 10K | 20] 10K | 25] 10K | 25] 10K | ns | | 
AS hold time jimsH| 18 [20] fas] fas] | ns | 
[CASholdtime tH | 85] fos] [75] fas] | ns | 
Column address toRASleadtime | tRAL | 30| [as] ao] a5] ins | 
CAStoWdelaytime sf tcowo | 4t| fas] [ss] [ss] [ns | 7 | 
RAStoWdelaytime =f twO | 78] [oo] tos] [tts] | ins | 7 | 
Column address to Wdelaytime | two | 83/ eo] [zo] [75] [ns | 7 | 
FastPagemodecycietime | tec «| 40| as] so] ss] ins | 
[Fast page mode read-modity-write cycle time| tPRWC| 81] [go] [ios] |sto]_— | ins | 
RAS pulse width (Fast page cycle) | tRASP| 55 | 200K | 65] 200K | 75 | 200K | 85 | 200K | ns |_| 
Access time form CAS precharge | tPA | | 35 | | 4o | | 45 | | 50 | ns | 3 
[OE accesstime HEA | | 8 | | co | | a5 || as | ns | 
OE dia eay eo [vo] [oof fas [a8 Tre | — 
DE commend hatin soe | 8] [eo] fos ast [re | 


Note) *1 : 5V only 


D 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. . 

2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vi(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load.equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit tcondition and is not 
referenced to Vou or VoL. 

7. twWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD=>tCWD(min), 
tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected’ addréss. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W 
leading edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 

_ and are not referenced to output voltage level. 

14. 4096 (4K Ref.)/2048(2K Ref.) cyclesof burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

15. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4002A, KM44C4102A CMOS DRAM 


4M x 4 Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high 
speed random access of memory cells within the same row. Refresh cycle(2K Ref. or 4K Ref.), access 
time(-5, -6, -7 or -8) and package type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 4Mx4 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. It may be used as main memory unit for high level computer and 
high performance microprocessor systems. 


FEATURES 
¢ Part Identification ¢ Static Column Mode operation 
- KM44C4002A(5V, 4K Ref.) ¢ CS-before-RAS refresh capability 


~ KM44C4102A(SV, 2K Ref.) * RAS-only and Hidden refresh capability 


¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
¢ Early Write or Output enable controlled write 


Power siesienhon e JEDEC Standard pinout 
2K ¢ Available in Plastic SOJ and TSOP(I!) packages 


— : e Single +5V+10% power supply 
po 


4K 
95 
40 550 
-7 385 
330 


495 


440 


* Active Power Dissipation 


Unit : mW 


¢ Refresh cycles 


cycle 
Kwa4Ca002A 
KM44C4102A 


¢ Performance range: 


FUNCTIONAL BLOCK DIAGRAM 


32ms 


Refresh Timer 
as 
Refresh Control 


Memory Array DQOo 


| -5 | 50ns [ 13ns | 90ns | 30ns | oe ee 
| -6 | 60ns | 15ns | 110ns | 35ns | —ag-a11_t2fRow Adress Buffer 

| -7_ [| 70ns | 20ns_| 130ns | 40ns | — (Ao~Atoy Dataout Lal 
[| -8 | 80ns | 20ns | 150ns | 45ns | A049 


(AO ~A10)*1 ; 
Note) *1 : 2K Refresh 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4002A, KM44C4102A | CMOS DRAM 


PIN CONFIGURATION (Top Views) 
© KM44C40(1)02AJ _ © KM44C40(1)02AT ¢ KM44C40(1)02ATR 


J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP II(Rev.) 


¢ KM44C40(1)02AK ¢ KM44C40(1)02AS * KM44C40(1)02ASR 


K : 300 mil 24(26) SOU S : 300 mil 24(26) TSOP Il SR : 300 mil 24(26) TSOP II(Rev.) 
* A11is N.C for KM44C4102A(5V, 2K Ref. product) 


— PinFunction 
| DQo-3 | Datainout 
| Vss_ | Ground 


| RAS | RowAddress Strobe 
| OW Read/Write Input 
| OE | DataOutputEnable 
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KM44C4002A, KM44C4102A — eee _ CMOS DRAM. 


ABSOLUTE MAXIMUM RATINGS 


[Power dissipation ——SCSC~dCi‘“‘éi( OCS 
[Shor eu output ouvert’ | esd SSSSCSSSC*Cm 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Parameter. -. Symbol — : Min ae _ Typ . Max : Unit 
p Ground Sid] Se S| SC SCT SC dT Cd CV 


*1 : Vec+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2 : -2.0V at pulse width < 20ns (pulse width is measured at Vss) 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


a 


: Parameter 


Input leakage current (Any input O<Vin<sVcc+0.5V 
all other pins not under test=0 volts.) 


Output leakage current 
(Data out is disabled; OV<VoutsVcc) 


Output high voltage level(loH=-5mA) 
Output low voltage level(lo.=4.2mA) 
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KM44C4002A, KM44C4102A | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


me LUE 
Bee 


— 
oe He 


Icc1 *: Operating current (RAS andC$ cycling @tRC=min.) 

Icce : Standby current (RAS=CS=W=Vu ) 

Iccs.*: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icc4 *: Static Column Mode current (RAS=Vi, CS, Address cycling @tSC=min.) 
Iccs : Standby current (RAS=CS=W=Vcc-0.2V) 

Icce *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 


*NOTE : Icc1, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , Icc3 
and Icce, address can be changed maximum once while RAS=ViL. In Icca, address cah be 

changed maximum once within one Static Column mode cycle time tSC. 
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ELECTRONICS 


KM44C4002A, KM44C4102A CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc=5V , f=1MHz) 


Parameter 


Input capacitance [RAS, CS, W, OE] 
Output Capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vih/Vil = 2.4/0.8V, Voh/Vol = 2.4/0.4V 


oe eel ee eee 
| Min] Max| Min] Max | 


| in] ax Mi 
Randomreadorwileadotime [RO | | [iro fia0] [so] 
Read-modivwrie cietime —_—~(tRwe [faa] [65 [res] [aos] | 6 | 
[Access te romPAS————~SCSC~*~rRASSC« SO] | | | 7] | 6 | ne [SAO 
[AccesstimetomeS —~=~=~=~“~*é‘“rt CAG *C*d S| | w]e] | 20 | me | Bas 
[Access tne rom cohimn adress ‘fA | | 25 | a0 |} as] | 40 | ns | af 
CS to outputinLowZ raz[o[ [oe] [o| fo} |] 3 
[Output buterturlf delay rom CS [FF | 0 | lo [wl o| a] 0 | a 
Transiion ime (se anda) __——~=~eT | a [sofa [so] aso s| so | ms | 
RAS prechargetime _——~SCS~ RPS BO fao| [oo] | oof | ns | 
[RAS pusewith ~~~ RAS | 80.| TOK 60 | VOR[ 70] TOK] wo [FORK] ns | 
FAShodime —S=S~=~C~S~Ss mH vy ts | eo) oof |e 
[CShoidtime ——SCSC~S~s SH BOT wo | [mo] fool | vs | 
[CS pulse wath ————SSSSS~ GS | 19 [OK] ¥5 | HOR | 20 | FOR] 20 [OK | vs | 
RAS to CS dolaytime | tc | 20| a7 | 20 | «5 | 20] 50 | 20| 60 | we | 
RAS 0 column address delay ime | Rad | 15| 25 [15 | o0 [15] 26 | 15] 40 | ns 
[EStRAS prechargetme [wre | s|_[s| [s| [s| | m| 

3 cof [ol | re | 


Parameter 


i 5 

| 5 | 

[Row address setuptime | ASR | | 

[Column address set-uptime | tS | 

[Column addresshholdtime | tCaH | 10] [10 | as] [ts | ns 
[Column address hold time referenced toRAS| taR | 40| | 50} | s5| | eo] | ns | 
[Column address toRASteadtime | tRAL_| 25| | 90 | | 35| [aol | as | 
[Readcommandsetuptime sf wrcs | of [o| [ol [ol] | ns | 
Read command hold time referenced to CS fiacH | of jo} fof [ol] | ns) 
Read command hold time referenced to RAS ftaRH | of [lo] -[o}] [ol |_ns | 
Write command hold time fweH | 10{ [10] [is] fas{ | ns | 
Write command hold time referenced to RAS | tWCR 140] |45{ [55] [eol [ns | 
Write command pulse width twP '10; [to] [is] fas] [ns | 


Write command to CS lead time tCWL 113} {15] [20] Jao] | as | 
[Datasetuptine ss st tos Cf of fo] fof fo] | ns | 


—_ 
“I 
~“ 


ELECTRONICS 


KM44C4002A, KM44C4102A | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


a ee "Parameter: oe — lsyr bol/ 
le | 
Data hold time referencedtoRAS ss [tDHR_| 40| | 45 | [55] | 60 | | ns | 14 | 


Refresh perod(2K Ret.) mer | [=> [e@| |#| [ele | 
Refresh period(4K Ref.) 


Isc 
tsR 
fecrinwtomisinae uw [ Pm] Pee | Tot Te [oe [ase 
Output data hold time from column address_[tAOH | 5 | 

tow pe pe ee Te 
ES precharge tno (Sie Cote cre) _[ter | 9 [__}1o| _}o| {io} ime 
FES pts ith ite atm yo) [so | [sro 200K | 80 | 100K | ns_| 
CS pulth width ete Column Beare 
Cannrmnimntenacettmglon |e | [el [e[[e| [mw 
Last write to column address delay time __|tLwaD | 20| 25 | 20 | 25 [25] 30 | 25| a5 | ns | | 
Last write tocolumn address holdtime __|taHLW| so | [65 | jes} 5) 
Wieconmstnecietne tw [vo] | | fro} 


ea Wa 
Soa (CR (7 7D 
Output butter turn off delay trom OE |toez | o | 13 [0 | 15 |o | 20 | o | 20 | ns | 
DE commandholdtime ston [as] [ts] 20} | 20] | ns 
Write command set-up time(Test mode in) _|twrs | 10} [10] [rof | to] | ns 
Write command hold time(Test mode in) _|twrH | 10] _|1o| fro} to} | ns 
toFAS prochargetime-8-A retesn) towne | 10 | fio] fro} fio __| ns | 
WtoRAS hold time(C-B-R refresh) twrH | to]  |1o| to) to] | ns 


oy) 


9) 
~ | 
als 
ook 
° 
3 
bt 
—_ 
Oo 
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ELECTRONICS 


KM44C4002A, KM44C4102A CMOS DRAM 


TEST MODE CYCLE 


Oe = 


Parameter ax waits 
a Max 


ee 
Read-modiy-wite cyde time | RW [198] 60) [roo] [aio] [ne |_| 
pessmetontas wwe | eT Ps be be a 
feces meron foarte fo [as 


(Column address to FES eadime [tra [30| a5] [40] [as [ns | 
EStoWeelaytime ——=SSS~«id tow [a5] as] [ss] [ssf [ns | 7 
FAS to Wdeaytine | awo|@0] [oo] fros| _[uas)__[ vs | 7 | 
(Colum address to Waelay ime ‘awa [85| [eo] [vo] [75] | ns | 7 | 
Swizcounnedeqeeine [80 [35| [aol [us| soft me [ 
Siac Coun node eaemetywiie qeetne | tSAWG 81 [20] [ros] _[1t0l [ns | 
RS pulse width (Static Column cyte) | tRASC| 65 700K] 6s| 100% | 75 [100K [as | too | ns | 
Access ine tormtestwite _———itwew| [| |e | | 71 | «9 | lan 
DEeccesstine -—SSSCid OA | fo | [os] | oo me] 
DEtodatadely ———~—S~sd toe eel das ass | 
(OE commandhowitime __————_~(iwoen 1@| ao) [es] [es[ [ne] 
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ELECTRONICS 


KM44C4002A, KM44C4102A | CMOS DRAM 


NOTES 


1. An initial pause of 200us is toate after power-up followed by any 8 ROR or CBR cycles Beli 
proper device operation is achieved. 

2. Vin(min) and Vi(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Von or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD=> tCWD(min), 
tRWD2>tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as. 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) defines the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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ELECTRONICS 


KM44C4003A, KM44C4103A CMOS DRAM 


4M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Fast Page Mode Quad CAS DRAMs. Fast Page Mode offers high 
speed random access of memory cells within the same row. Refresh cycle(2K Ref. or 4K Ref.), access 
time(-5, -6, -7 or -8), power consumption(Normal, Low power or Super-Low power) and package 
type(SOJ or TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, 
RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL 
version. 

This 4Mx4 Fast Page mode Quad CAS DRAM family is fabricated using Samsung's advanced CMOS 
process to realize high band-width, low power consumption and high reliability. - 


FEATURES 
e Part Identification ¢ Fast Page Mode operation 
- KM44C4003A/AL/ASL (5V, 4K Ref.) * Four separate CAS pins provide for separate 


- KM44C4103A/AL/ASL (5V, 2K Ref.) (Oloperation 


° CAS-before-RAS refresh capability 
«RAS-only and Hidden refresh capability 
Unit : mW * Self-refresh capability(L & SL ver) 
¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
¢ Early Write or output enable controlled write 
e JEDEC Standard pinout . 
¢ Available in Plastic SOJ and TSOP(II) packages 
¢ Single +5V+10% power supply 


¢ Active Power Dissipation 


¢Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


Refresh 

NO.__| “eyal 
Fesooen | ak | emer some 
balla 


¢ Performance range: 


5 | Sons | 19ns pee sr 
[8 _[80ns[~20ns | 7s0ns [sons 


Note) *1 : 2K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


KM44C4003A, KM44C4103A . | CMOS DRAM 
PIN CONFIGURATION (Top Views) 


* KM44C40(1)03AJ/ALJ/ASLJ 


J: 400 mil 28 SOJ 
T : 400 mil 28 TSOP II 
TR : 400 mil 28 TSOP II(Rev.) 


¢ KM44C40(1)03AT/ALT/ASLT ¢ KM44C40(1)03ATR/ALTR/ASLTR 
Vec Vcc 
DQO DQO 
DQ1 DQ1 
W WwW 
RAS RAS 
A11(N.C) A11(N.C) 
CASO CASO 
CAS1 CAS1 
A10 A10 
AO AO 
Al Al 
A2 A2 
A3 A3 
Vec Vec 


|PinName | _PinFunction 


AO - Ali Address Inputs(4K product 
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KM44C4003A, KM44C4103A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Storage Temperature 
[Shor Cireuit Output Current ee 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


|_Parameter | Symbol | Min | Typ | Max | Unit 
pGround | ss | Pt 
Input High Voitage | Vw | 24 || Vooett Tv 
Input Low Voltage | ve | 0? | 


*1: Voec+2.0V at pulse width < 20ns, Pulse width is measured at Vcc. 
*2: -2.0V at pulse width < 20ns, Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


| Parameter | Symbol | Min | Max | units | 
Input Leakage Current (Any input O<Vin<Vcc+0.5V 
all other pins not under test=0 volt.) 

 RabeteceesasOicvenvey | | 8 | os | wt | 
Output High Votiage Level(o=-sma) «| vew_—(| 24 | - +| vi 
| Output Low Voltage Level(lo=4.2ma) | Vo | = | 4 | 


KM44C4003A, KM44C4103A_—it | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Symbol Speed 
KM44C4003A KM44C4103A 


Normal. ; 2 
Ce ae ee ee 


Don't care 


Normal 
L 
SL 


Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 
Icc2 : Standby Current (RAS=CAS=W=Vu ) 
Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC= fain) 
Icca* : Static Column Mode Current (RAS=Vit, CAS, Address cycling @tPC=min.) 
Ilccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 
lcce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vec-0.2V, Input low voltage(Vi_)=0.2V, CAS= 0.2V 
Din = Don't care, Trc= 31.251s(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver) , 
Tras=TRasmin~300 ns 
Iccs : Self Refresh Current 
: RAS=CAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQO ~ DQ3= Vcc-0.2V, 0.2V or Open 


*NOTE : Icct, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 


FIFeTRONICS 


KM44C4003A, KM44C4103A CMOS DRAM 


CAPACITANCE (Ta=25°C,Vcc=5V, f=1MHz) 


Parameter _| Symbot_ | Min | Max 


Input capacitance [AO - A11 


Input capacitance [RAS, CASx, W, OE] 
Output Capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vii=2.4/0.8V, Von/Vol=2.4/0.4V 


— : Se ee er ee Se 
Parameter Min] Max Min] Max| Min] Max] Min] Max 
Fandom read or wie oyle time rac eo| [tof [190] [sol | ms |_| 


Read-modiywiie ge tme | WC figs] [55] [185] [aos] [rs |_| 

AecesstimefomaS ~~~ wmac| [ao] [eo] | 70| | 60 | ms [aaro 

Recess time fom CAS _——~S~id GAC] fs] pas] | 20 | | 20 |e [ans 
a : 


es 
RAS prechayetime __——~—~S~i eR OT [aot [so] [ool fm] 
FAS pulse width rwRAS | 50 [10K | eo [10K] 70 | 10K] 60 | TOK [ws |_| 
||RAS hold time ftasH | 13] |15] [20] [ao] | ns | 6 | 
CAS hold time jtcsH | 50] |e] | 70} [aol | ms | a7 | 
CAS pulse wih ricas [13 [70K] 15 | 10K] 20 | 10K| 20 [70K | ns | 20 | 
RAS to CAS delay time taco _| 20 37 | 20 | 45 | 20 | 50 | 20| 60 | ns | 4,16 | 
RAS to column address delay time | tRAD | 15| 25 [15 | 30/15] 35] 15] 40 | ns | 10 | 
CAS to RAS precharge time jterp | 5] {s5| [5] [s{ [ns} a7 | 
Row address set-up time piase Ot fof Pot. opine) 
Row address hold time jtRAH | to] fio] fio] | to} fms | 
Column address set-up time frasc | o| {of} fol] fo]  |ns| te | 
Column address hold time ficAH_ | 10] [10] [15] [is] | ns | 16 | 
Column address hold time referenced to RAS fr | 40} |45} |s55} [eo] | ns] 25 | 
[Column address to RAS leadtime | tRAL | 25| [30 | | a5| | ao] | ns | 
Readcommandsetuptime | ros | of [o| Jol [ol | ns{ 16 
Read command hold time referenced toCAS| tacH_ | o| [o | [o| [of | ns{ ai7_ 
[Read command hold time referenced toRAS| tpAH | 0] [o| [ol [ol] [ns] a | 
[Write commandholdtime | two | to] fio | fis] fis | [ns | aa | 
[Write command hold time referenced toRAS| twor | 40| [45 | [15] is | ns | 25 
[Write command pulse with | twp | to] [to] [ss] feof | ns | 
—— [WritecommandtoRASteadtime | trwe | 18| [15 | [20] {| ao] | ns | 

[Write commandtoCASteadtime i rcwe | 13] fas] [ao] aol [ns] 17 | 
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KM44C4003A, KM44C4103A CMOS DRAM 
AC CHARACTERISTICS (Continues | : 


_ Parameter 3 Notes 


re < [iin | Max [in| Max [Mi 
sepa OC 
Datahoutime ———~S*~S~wDH ft | tO | ts) ts] ts Po | 
Data hod time referenced tO RAS ‘(tA [40 | [as [ssf [eo] | ne [as | 
Retresh perio(2k, Nomal) ———~=iimer =| =| | |e | | a] | a [ms] | 
Refresh period(4K, Normal) tReEF | | 64|  |.64 | | 64 | | 64 [ms[ | 
Refresh pel ver ier | [128 [ [ve | | ze} [128 [me | 
Refresh peiog(Stver) REF | | 256| | 256 | | 256 | | 256 | ms | 
Write command set-up time wes |o}  [o]| fo]  |o]| | ns [7,16 
CAS 10 W delay ime frewo [ae [ao [eof [sof [ne [7.16] 
RAS to W delay time tAwo [73] {es | fool ttf ns | |. 
Column address to W delay time awn [48] [55] [e5| |7o]  |ns | 7 | 
CAS set-up time (CAS-before-RAS refresh) rcshR [5 | [5] [5s] [5] [ns | 16 | 
CAS hold time (CAS-before-RAS refresh) [tCHR |10/ |10] [15]; [15] [ns | 17 | 
FAS to CAS precharge time Apc | s | fs {| [s{] ts] fs | 
CAS precharge time(CBR counter test cycle) cpt [20] [20] [30] [aol [ns] | 
Access time from CAS precharge cpa | | 30] | 35 | | 40 | | 45 [ns | 3,18 | 
Fast Page mode cycletime tec a5 | [ao | fas] | so] ns | 19 | 

Fast Page mode read-modify-write cycletimgpRwC| 76 | [es | [rool [0s] | ns | 19 
CAS precharge time (Fast page cycle) rcp fio} fto] ~—fvo| ~~ [to] ns 

RAS pulse width (Fast page cycle) _—_—(tRASP_| 50 |200K| 60 |200K | 70 | 200K | 60 | 200K | ns _| 

RAS holdtime from CAS precharge |tAHCP | 30 | 35 | tao] as | ns | 
DE accesstime Ss tOEA || 13 | 5 | | 20 || a0 | ns | 2s | 
OE todaiadetay _hioeo [rs {_| 16} __Jzo} __f 20} [os [ea | 
CAS precharge toWdelaytime _—_—|tcpwo|s3|_j6o| —|7o| | 75| | ns | 
[Out put butter tun off delay time fromOE |toez | o | 15 |o | 15 |o| 20 | o| 20 | ns | 
[OE commandholdtime toe [ts { its | faof fo fins | 
Write command set-up time(Testmode in) |wwrs [io]  |io| fro] | ro] fins | 
Write command hold ee mode in rwtH |io!  |jto]  fiol fro] fns [| 
W to RAS precharge time(C-B-R refresh) wre |io| (10;  |ltol [10] [ns || 
W to RAS hold time(C-B-F refresh) twa [iol {rol {iol fiof ns | 
RAS pulse width(C-B-R self refresh Itrass |100/  |100! ~~ ltool =~ too] =f us | 14 | 
RAS precharge time (C-B-R self refresh tres [90]  |110] _|130) 150 ins | 14 | 
CAS hold time (C-B-R self refresh) pons so,_{s0,__/so,_} so] _{ sa 
Holdtime CAS lowtocAShign fect | s | ts | [s | prs [15 | 


clceTpnaure We eae 


KM44C4003A, KM44C4103A CMOS DRAM 


_ TEST MODE CYCLE | ssc 


a fo Max [Min] Max |Min| Max] | 
Fandom read orwite cyelotime | wo [95 [tts] [ras] [155] | ns| 
ead-modiy-writecyelotme | wAWO | T98|__freof__[r90 [aro] [ne | 
Access time from FAS ————~SCSC~s RA || SY | S| | |_| (85 | ns [anata 
Access time trom CAS ——SSCSC~sr || WOT || | a8 | ve | oa. 
[Access time fom comm adds | aa_| | | | a5] [0] | 45] re] 310 | 
FAS pulse width | #RaS | 55] toK|@5| vox [75] 0K] 65] 10K] ne |_| 
EAS pulse wiaty ~~~ HAS | TB TOK [BO] voK | 25 10K [25] TOK | ne |_| 
FASholdtime _———SS~S~s RH TO] feo] as] fas] ve | 
|eaSholatime ———~—S~s cs 88] fos| 7s [os] [ne] 
(Colm address to RASTeadtime | wat [30| [a5[ [ao| [4s] [ns] | 
TAStoWeelaytime ___—~—~S~sr OW | A] fas] [os| [os] [ne | 7 
FAS toWdelaytime —————~[rrwo|7| [eo] [ros] [vrs] [ns | 7 
[cowinn address to W delay ime | wwo [s8[ [eo] |70| [75] | no] 7 | 
Fast Page mode cycitme [wo [40] [4s] [so] [ss] [ms] 
Fast page mode read-modify-wite Go | tPrWG| 81] [eo] [ros| [110 | ns | 
FS pulse width (Fastpage cycle) ___| tRASP | 55] 200K) es | 200K] 7s |eo0x| as [200K] ns [| __ 
Access ime form CAS precharge [ropa | | a] | <0] [as] | o[ns| a | 
OEscccstime eA || ve | | 20 | | 25 | | 28 [ne | 

OE todatadeley __—————~iroen [ve] fool fas] [as] [nel | 
[OE commandhoidtime [wen [18] [20] |as] [25] [rs] _| 


KM44C4003A, KM44C4103A CMOS DRAM 
NOTES 8 | 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vi.(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. . 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in thedata 
sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tcWD2 tCWD(min), 
tRWD2tRWD(min) and tAaWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to’ the’ 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14., 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

15. In order to hold the address latched by the first 
CAS going low, the parameter tCLCH must be met. 

16. The first CASx edge to transition low. 

17. The last CASx edge to transition high. 

18. Output parameter is referenced to corresponding CASx input. 

19. Last rising CASx edge to next cycle's last rising CASx edge. 

20. Last rising CASx edge to first falling CAS edge. 

21. First DQx controlled by the first CASx to go low. 

22, Last DQx controlled by the last CASx to go high. 

23. Each CASx must meet minimum pulse width. 

24. Last CASx to go low. . 

25. tAR, tWCR, and tDHR are referenced to tRAD(MAx). 
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KM44V4004A, KM44V4104A | CMOS DRAM 


4M x 4 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power 
consumption(Normal, Low power or Super-Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and 
Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL version. 

This 4Mx4 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high 
band-width, low power consumption and high reliability. It may be used as main memory unit for high level 
computer, microcomputer and personal computer. 


FEATURES ¢ Extended Data Out mode operation 

¢ Part Identification (Fast Page Mode with Extended data out) 
- KM44C4004A/AL/ASL (5V, 4K Ref.) ° CAS-before-RAS refresh capability 
~ KM44C4104A/AL/ASL (SV, 2K Ref.) ¢ RAS-only and Hidden refresh capability 


- KM44V4004A/AL/ASL (3.3V, 4K Ref.) 


- KM44V4104A/AL/ASL (3.3V, 2K Ref.) Set felieet Copenliy(h See vel). 


e Fast parallel test mode capability 

* Active Power Dissipation Unit : mW ¢ TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 

e JEDEC Standard pinout 

e Available in Plastic SOJ and TSOP(II) packages 

¢ Single +5V+10% power supply(5V product) 

¢ Single +3.3V+0.3V power supply(3.3V product) 


Pe | ate [288 [330 [440 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
|W. | ¥ [ ie eT 3 
| sycle 


NO: 
i 
128ms |256ms 
oarosal SVT a 
BS alle 


¢ Performance range: 


y-5 | 50ns | 1ans | 90ns] 20ns [SV Only 


Refresh Timer 
pa 

Refresh Control 

Refresh Counter 


Memory Array 
4,194,304x 4 
Cells 


<6 | G0ns | Téns |T7Ons| Béns | SVIBSV | 0-a11 FPFFow Ades Bute —— 
(AO ~A10)*"1 ata ou 
SU Barre butter fa OE 
[-8 | 80ns | 20ns [750ns| S6ns | SV/S.V] ao-Atoy% 
Note) *1 : 2K Refresh 
SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A | -_CMOS DRAM 


| PIN CONFIGURATION (Top Views) 
* KM44C/V40(1)04AJ ° KM44C/V40(1)04AT * KM44C/V40(1)04ATR 


J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP Ii(Rev.) 


* KM44C/V40(1)04AK ° KM44c/v40(1 )04AS ¢ KM44C/V40(1)04ASR 


K : 300 mil 24(26) SOU S : 300 mil 24(26) TSOP II SR : 300 mil 24(26) TSOP II(Rev.) 


* A11 is N.C for KM44C/V4104A(5V/3.3V, 2K Ref. product) 


[PinName| PinFunction 
Data In/Out 


No Gonnection@K Refresh) 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A : CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Rating | 
Parameter Symbol 
ae [ee 


 Votage onanypnwuinetoVe | VaNer | 08 wae | 1 oo | Vv 
vals oises sna romeo Wi | 7 See [96 wae ate 70 
Short Circuit Output Current a a a 


* Permanent- device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Parameter 


Supply Voltage 
Ground 


e208 ees OO 
input High Voltage aan ec CC a Me 
input Low Voltage | ve | 037 [  - | o@ | +0? |  - | o8 | v | 


*1 : Voc + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND ae CHARACTERISTICS a ee operating conditions unless ey noted.) 


+ Leakage a eee a (Any input O<Vin<Vcc+0.3V, Iu) 

all other pins not under test=0 volt.) 

Output Leakage Current ie 5 

(Data out is disabled, OV<Vouts<Vcc) iy i 

Output High Voltage Level(lo#=-2mA) tae 
Output Low Voltage Level(lo.=2mA) ee eae 


Input Leakage Current (Any input O<VinsVcc+0.5V, I) 25 5 WA 
all other pins not under test=0 volt.) 

Output Leakage Current ipa 

(Data out is disabled, OV<VouT<Vcc) © 

Output High Voltage Level(loH=-5mA) Peep 
Output Low Voltage Level(io.=4.2mA) ESS aes 


ai? 
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KM44C4004A, KM44C4104A | 
KM44V4004A, KM44V4104A CMOS DRAM 


DC AND OPERATING CHARS TERIELICS (Continued.) 


Power Ss : 
KM44V4004A | 


; 20 100 se 100 mA 
Don't care 70 90 ea 
80 mA 

Normal mA 
110 mA 
Don't 100 oo 100 mA 
on tcare 90 70 90 mA 
60 80 60 80 mA 

- - 100 110 mA 

2 be 4 i di 


ha 
Don't care a5 = 566 wp 
a 200 200 200 200 
110 
Don't care | — . S 


1 mA 
Dentéare 450 400 450 400 
350 300 350 300 a 
ee ee ey 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 
Icce : Standby Current (RAS=CAS=W=Vu ) 
Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
Icca* : Hyper Page Mode Current (RAS=Vit, CAS, Address cycling @tHPC=min.) 
Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 
Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 
Din = Don't care, Trco= 31.25s(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125s(2K/SL-ver) , 
Tras=TrRasmin~300 ns 
Iccs : Self Refresh Current 
RAS=CAS=0.2V, W=O0E=A0 ~ A11 = Vcc-0.2V or 0.2V, DQ0 ~ DQ3= Vcc-0.2V, 0.2V or Open 


* NOTE: Icc1, Icc3, lcca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A | CMOS DRAM 


' AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Voi =2.0/0.8V 


Random read orwite yee [196 _| 04 26] | 
Read-nodiy-wite ye time | aw [116] [140] [170] [reo] | =| 
fecess ime rom RAS [mac | [so] [eo] [vo] [eo] wm [aaro 


fs as | [20 [20 rs [aa 
(AA [a0 [Pas [a0 [ns [3.0 
et tet Pel [ays | 


a 

° 

© 

® 

= 

® 

3 

3 

elke) 5 
N)* 16 


NY 


fe) 
N 


nafs [ws[s [es [a0 [ns [on 
el ce 


tT 
BAS pulse width 
RAS hold time 


CAS hold time 


wa [os| [ee | [se [sr] | ne [a7 
wal | 25| [ao [35 [aol | ne | 


S15 |2/3 |S |2/3/S\3lalz 
LJO[TIDIVIO;/O oO; Typ cyl~o” 


Pace Os <0 wile eed 
woH_ | o| fo | jo} oj [ns | a 
(RRH Ee 

tWCH 
twCR 


Q 
” 


3 


ag 
< 


Write command pulse width 
Write command to RAS lead time tRWL 
Write command to CAS lead time tCWL 


Note) *1 : 5V only 


acl 
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AC CHARACTERISTICS (Continued) 


: ‘Parameter 


Datasctuptime «OS ns | 8 | 
DatahoWime _———~—~«iHfel [wo] (sf fw] [|e 
Data hold time eferencedto RAS [HA [a7 | _|a2| _[se| __|s7|__| = | 17 | 
Rotresh perod(2K, Noma ___—‘(wner | | 82] |e] | | | [ms] | 
Refresh perio(@K,Norma) __——+(REF |_| | | 4 | | 6¢ | | ea [me] 
Refresh period(Lver irer_| [ree ree | | 126 | | 126 [ms |_| 
[Retesh perioa'Si-ve) __——~+(mer_—| | 2s6| | ase] | a6 | | a56 [ms] | 
Wate conmandsetuptime {wos [o{ [o| jo] |o| [=| 7. 
CAStoWadelaytime __———-—~+jrewo _[90{ [as] [ae] [a] [ns | 7 
RAS toW delaytime ———~—~—~*(wawO [er | [7a oa] [ios] | ns | 7 
Coumn address to Welay time _[rawo [42 | [40] [so] [oa] [ns | 7 
CAS setup time (CAS-before-RAS refest)[icsA_| 5 | _|s||s| [5s] [=| | 
CAS hold time (CAS-before-RAS refresh) |tcHR: |10| [10 | [rs] tts] ns | 
FAS to CAS prechargetime ss ftmPC =| 5 | ts | [5] fs | fms | 
CAS precharge time(CBR countertest cycieltcpT [20]  |20| [ao] 30] sf ns | 
Access time from CAS precharge [tcPa | | 28 | | a5 | | 40 | | 45 | ns | a | 
Hyper Page cycletime tC |20 | j25| [ao] sf a5] | ns | 16 | 
Hyper Page read-modity-write cycle time [tHPRWC|47 | [se | [71|_ | at | ns | 16 
CAS precharge time (Hyperpagecycle) [tcp {8 | [io] fio} fo] ms | 
AS pulse width (Hyper page cycle) _|tRASP_| 50 |200K| 60 |200k | 70 | 200K | 80 | 200K | ns | 
RAS hold time from CAS precharge _—[trHcP |3o| [a5] 40] st as| ns | 
OE accesstime ss tA | | ts | | ao | | ao [os | 
OEtodatadelay =F» toe [ts ts | jaof fot fms {| 
CAS precharge toWdelaytime __—fcpwo [45 | _|s4| fea} fea] ns | 
Out put buffer turn off delay time fromOE |toez | 3 | 13 |3 | 15 |3| 20 | 3| 20 | ns | 6 | 


Write command set-up time(Test mode in) [twrs |10| [io| fro] to] [ins | at 
Write command hold time(Test mode in) [wr [10] [io] {io} fro | ns | 41 


Output dataholdtime tH 5 | ts | ts] ts | ls | 
Output butter tum off delayfromRAS _[trez_| 3 | 15 | 3 | 15 |3| 20 | 3 | 20 | ns |615| 
Output buffer tun off delay fromW wz | 3 | 13 [3 | 15 |3| 20 | 3} 20 [ns | 6 | 


Note) *1 : 5V only 


ei” 
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tres | eof _{riof _fraof {sof _fins | 4 
jtcHs {-so] [so] |-so] so] fins | 14 | 


AC CHARACTERISTICS (Continued) 


Parameter — 


FAS precharce time C- -B-R self f refresh) 
CAS hold time (C-B-R self refresh) 


TEST MODE CYCLE 


(Note. a 


Z oe d Soe 


Randonreaderwetecytetine RG [o9[_— frog faa] fal 
eo ne 
Accessiime fomRAS ———sjmmac_—| +f 88] [ee | | 7% | | 68 | ns [awd 
Access imeromGAS___——_—ifieac_ | | | | 20 | | as | | 2 | rs |oas 
Access time fom columnadaress [waa | | 9 | | 38 | | 4 | | 4 [rs | ayo 
FAS puso wien ———=S=S—=«*dRAS—~(85| TOK | 65] 10K [75] 10K [65] 10K | ns | | 
EAS pusewiah ________tGaS_|19| 10K [15] 10K [20] 10K [25] 10K | ns | 
FaSholdime _———+iyeRsH~—(r8| fo] fast jas] as |__| 
CAS hotime____———~S~«*OSH AS] so] (ss) [6s] [ns | 
(Coumn adcress to RAS Teadtime tRAL [80] [a5] (40) [45] | ns | 
CAStoW delaytime == 35] fae) —ifaa| (ao) ne | 
RASioWdelytme ___——_-iinwo |v) (es) [oo] [vos] | ns | 7 
(Column address to Wdelaytime _|tawo [47] [sa] [ea] [oo] | ns | 
Er ae ee 
Pfes| | ne | 

200K |85| 200K | ns | | 
Access time aes itcPA | | 33 | 45 | | 50 | ns | 3 | 
emi fen el el eo 
(CEtodatadelay = fteD 18) feos] ts] tis | 
OE commanahostime —_——~«(NOEH_|18| | aof fas; as 


Note) *1 : 5V only 
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1. 
2. 


3. 


13. 
14. 
15. 


16. 
17. 


KM44V4004A, KM44V4104A | CMOS DRAM 
NOTES 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vix(min) and Vi.(max) and are assumed to be 2ns for all inputs. 

Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD2 tRCD(max). 
This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 
tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 
These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 


a re ference point only. If tRAD is pfentet than the specified: tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 


In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 
tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 
4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 


‘'tASC 2=tCPmin, Assume tT = 2.0 ns 


tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4010A, KM44C4110A CMOS DRAM 


_4M x 4 Bit CMOS DRAM with Fast Page Mode(Write per Bit Mode) | 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Fast Page Mode(Write per Bit mode) CMOS DRAMs. Fast Page Mode 
offers high speed random access of memory cells within the same row. Refresh cycie(2K Ref. or 4K Ref.), 
access time(-5, -6, -7 or -8) and package type(SOJ or TSOP-II) are optional features of this family. All of 
this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 4Mx4 Fast Page mode(write per bit mode) DRAM family is fabricated using Samsung's advanced 
CMOS process to realize high band-width, low power consumption and high reliability. It may be used as 
main memory unit for high level computer, microcomputer and persona! computer. 


FEATURES 
¢ Part Identification e Fast Page Mode operation 
- KM44C4010A(5V, 4K Ref.) ¢ Write per bit mode capability 
- KM44C4110A(5V, 2K Ref.) ¢ CAS-before-RAS refresh capability 


¢ RAS-only and Hidden refresh capability 

¢ Fast parallel test mode capability 

* TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

e JEDEC Standard pinout 

¢ Available in Plastic SOJ and TSOP(II) packages 
¢ Single +5V+10% power supply(5V product) 


¢ Power Range inicanw 


* Refresh ee FUNCTIONAL BLOCK DIAGRAM 


oe a. i _ Retresh period 
RAS 
aa CAS 


KM44C4100A 


° Periomanes range: 


Seasons [tans [sone Sens 


Memory Array Ww1/DQ0 


4,194,304x 4 


ps & 10 i 


Am 
wa 


W4/DQ3 


AO ~A10)* 
[8 _{ @0ns | 20ns | T50ns | S0ns | oF 
(AO ~A10)*1 


Note) *1 : 2K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4010A, KM44C4110A CMOS DRAM 


PIN CONFIGURATION (Top Views) 
¢ KM44C40(1)10AJ © KM44C40(1)10AT ¢ KM44C40(1)10ATR 


J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP Il(Rev.) 


* KM44C40(1)10AK * KM44C40(1)10AS * KM44C40(1)10ASR 


K : 300 mil 24(26) SOU S : 300-mil 24(26) TSOP II SR : 300 mil 24(26) TSOP II(Rev.) 
* A11 is N.C for KM44C4110A(2K Ref. product) 


(PinNeme | PinFunetion 
| 
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KM44C4010A, KM44C4110A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


ee 
Voltage on any pin relative to Vss 
“Power Dissipation S| P| ST | Wid 
[Short GreuitOutput Current [is | SSSSC*dSCA CS 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Parameter 


Supply Voltage 
Ground 
Input High Voltage 


Input Low Voltage 


“1: Vec+2.0V at pulse width < 20ns, Pulse width is measured at Vcc. 
“2: -2.0V at pulse width < 20ns, Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any input O<Vin<sVcc+0.5V, 
all other pins not under test=0 volt.) 


Output Leakage Current 
(Data out is disabled, OV<VouT<Vcc) 
Output High Voltage Level(loH=-5mA) 


Output Low Voltage Level(lo.=4.2mA) 
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KM44C4010A, KM44C4110A | _CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Max 


Symbol | — Speed ee 


Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

Icce : Standby Current (RAS=CAS=WB/W=Vu ) 

Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (RAS=Vit, CAS, Address cycling @tPC=min.) 
Iccs : Standby Current (RAS=CAS=WB/W=Vcc-0.2V) 

icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 


*NOTE:  Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icci, Iccs, 
and Icce, address can be changed maximum once while RAS=Vic. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 


! FIFCTRONICS ay Pe ge 


KM44C4010A, KM44C41 10A CMOS DRAM 
CAPACITANCE(Ta=25°C, Vec=5V , f=1MHz) 


Parameter 


Input capacitance [AO - A11]_ 


Input capacitance [RAS, CAS, WB/W, OE] 
Output Capacitance [W/DQ0 - W/DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition : Vecc=5.0V+10%, Vir/Vii=2.4/0.8V, Voh/Vol =2.0/0.8V 


i i a 
[Random read or write cycletime | to | go] [trol [130} | ts0] ns 
[Read-modify-write cycletime | Wo [133 [155] [185] aos) | ns | 
AccesstimefromRAS | tC | | 80 | | eo | | 70| | 80 | ns [34,10 
[AccesstimetromcAS st tcc | a3 || is || 20] | 20 | ns | 3.4.5 
[Access time from column address | tA_| | 25 | | a0. | | a5 |_| 40 | ns | 3,10 
CAS tooutputintewz sf tcuz | o| fo | fo] fo] | ns | 
Output buffer turn-off delay }torrF | o | 13/0 [15 ]0 120] 0 | 20 | ns | 
Transition time (rise and fall) lit: | 3 [50/3 | 50/3 150] 3] 50 | ns | 
RAS precharge time rar foo] fot [sot [ol — 

FAS pulse with | tras | 50 | 10 | 60 | 10K | 70 | 10K | 60 | 10K | ns 
RASholdtime it SH | 13] [ts | tao] | 20] ns | 
CASholdtime Ss if tH | 50| eo | |v] eo] | ns | 
CAS pulsewidn | tats | 13 | 10K | 15 | 10K | 20 | 10K} 20 | 10K | ns | - 
RAS to CAS delay time 37 | 20 | 45 | 20 | 50 | 20] 60 | ns | 4 
RAS to column address delay time | tRAD | 15 | 25 | 45 | 30 | 35/15/40 | ns | 10 
CAS to AS precharge time rene [st 1s] [st [sl] [v1 
Row address set-up time [usa | of |o} to} [ol | rs | 
low address hold time [ipa | to] [ro} fio} [tof | ns | 
Column address set-up time ASG. | O04 FOr |! Lol eel. ai ned 
Column address hold time ftcaH | 10] to] [15/) [15] [ns | 
Column address hold time referenced to RAS ftaR | 40] [4s|  [s5]}  |e6o] | _ns | 14 
Column address to RAS lead time PtraL | 25/  /30{ [35]  |4o{ [ns | 
[Readcommandsetuptime | tres | o| fo | [ol {ol | ns | 

| Read command hold time referenced to CAS | tRCH fol jof [lo] [oo] [ns | 8 
| ead command hold time referenced to RAS }trRH | of [ol] [of |[o] [ns | 
Write command hold time ftwcH | 10/ fio] fis] fas{ [ns | . 

| Write command hold time referenced to RAS | tWCR /4o| [45/  [ss} [eo] | ns | 14 
Write command pulse width fe | io] jio] [15] [is] [ns | 
Write command to RAS lead time btawe | 15} [15] [20] Joao] | ns | 
[Write commandto TAS teadtime | tow | 13] [ts | ao] aol [as | 


Ei cerponaire 


KM44C4010A, KM44C4110A CMOS DRAM 
AC CHARACTERISTICS (Continued) | | 


Parameter 


A 


iod(2K, Normal) 
iod(4K, Normal) 


D/DIUlOlOT. 
@ | 2 |8 | | 
ola | 1/2] |: ; 
nn Tj alo 
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alo jajale 
OOo lai 
3.43 
oloi3si3sie 
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AS to W delay time 
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aS 
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oi 
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A ) time (CAS-before-RAS refresh) 
A ime (CAS-before-RAS refresh) 


A rpc || is} js} fs] fast 
AS precharge time(CBR counter test cycle)| tCPT f20{ feo; [so] [30] [ns] | 
Access time trom CAS precharge tPA |. | 30 | | 35 | | 40 | | 45 [ns [3 | 
FastPage mode cycletime tC 35 | |4o| jas] | so] ns | 
Fast Page mode read-modify-write cycle timq tPRWC| 76 | [85 | [too] [105] | ns | 
AS precharge time (Fast page cycle) rcp =lio[ | 10 10 | | 40) ns° 
RAS pulse width (Fast page cycle) _—‘|tRASP | 50 |200K| 60 [200K | 70 | 200k | 0 | 200k | ns _| 
RAS hold time fromCAS precharge |tRHCP | 30 | |35 | ao] | a5 | | ns 
OE accesstime EA | | | | ts | | 20 || 20 | ns 
OE todstadelay Ss tED | 13/15 | 20] | 20 | 
CAS. precharge to W delay time cpwol|sa| [eo] {vol st zs| [ns | 
Out put buffer tun off delay time from OE__|t0£Z | o | 13 |o | 15 |o| 20 | o| 20 [ns | | 
OE commandhoidtime Ss tOEH | 13] [15 | zo] tao] ns | 
Write command set-up time(Test mode in) |twrs |io| [io] [rol [ao] fins | tt 
Write command hold time(Test mode in) _[twrH [10 | [to] [io] fro] ins | aa 
|W to RAS precharge time(C-B-R refresh) wre [io{  |io/ fio} fio; [ns | | 
WWtoRASholdtime(C-B-R refresh) ——[twRH | to| [to | fio] fro] ins | 
Write per bit set-up time wes |o | {o| fol fo]  I[ns| | 
Write perbitholdtime Ss ftweH | to | fio] tio} to] | ns | 
Write selection setuptime twos |o | tol] fol [ol Ins | 
Write perbit selection holdtime ——|twoH |to| fio} aol ao] ns | 
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KM44C4010A, KM44C4110A CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 


See Ae ce oe Be 

Random read orwriteoysletime | RC | 95| tts] ras] (55) | ns |_| 
Read-modity-wrie cycletime __——~| RWG [198 [reo] [190 fatol_—| ns |_| 
AccesstimetromFaS ————S~*~*~‘ir IRA *| =| | | | 7S | | (88 | ns load 
AccesstimetromCAS tcc | | ie | | 20 | | 25 | | 25 | ns | 34.5] 
[Access time from column address | A | | 90/ | 95 | | 40 | | 45 | ns | ato] 
RAS pulsewidth _—=SS™S~S~*~rARAS*| 85 YOK [@5| 10K [75] 10K [a5] 10K | ns | | 
CAS pulsewidth | tas | 18 10K | 20] 10k | 25] 10K | 25] 10K | ns | 
RAStodtime =~ | THz] fas | fas) | ns 
CaShoidtime Sd ts [85] fos] zs] fas] ins | 
Column address toRAS leadtime | tRAL | 30{ [a5] ao] 45] ns | 
CAS toWdelaytime sf tcwo [41] fas] [ss] fs] ns | 7 
FAS toWdelaytime two | 78] [oo] fos] fats] ns | | 
Column address toWdelaytime | tawo [83 [eo] [volts] | ns | 7 
Fast Page mode cyciotime | tect 40] fas] so} fs] ins | 
Fast page mode read-modify-write cycle time| tPRWC| €1| [90] jto5]_|sto]_— | ns | 
FAS pulse width (Fast page cycle) _—__|tRASP | 85 | 200K| 65 | 200K | 75 | 200K | 85 | 200K | ns | 
‘Access time form CAS precharge | tera | | 35 | | 40 | | 45 | | 50 | ns | 33 | 
OE accesstime tA | | te | | ao | | 6 | | 5 [ns | 
(CE todatadelay te | 18} ao} fas] tas] ns | 


[CE command hoidtime tH | 18} [zo] fas} fas} [ns | 


Units 


KM44C4010A, KM44C4110A CMOS DRAM 


NOTES 


13. 


14, 


. An initial pause of 200us is required after power-up followed EY any 8 ROR or CBR cycles before 


proper device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vix(min) and Vit(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. . 

Assumes that tRCD> tRCD(max). 

This parameter defines the time at which the hs achieves the open circuit condition and is not 
referenced to Vou or VoL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. !f tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles and to the W 
leading edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 


In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voitage level. 

tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A CMOS DRAM 


2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 2,097,152 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory ceils within the same row. Power supply voltage(+5.0V or +3.3V), refresh 
cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power consumption(Normal, Low power or 
Super-Low power) and package type(SOJ or TSOP-II) are optional features of this family. All of this family 
have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh 
operation is available in L & SL version. 

This 2Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high jevel computer, microcomputer and personal computer. 


FEATURES 
¢ Part Identification ¢ Fast Page Mode operation 
- KM48C2000A/AL/ASL (5V, 4K Ref.) ¢ Byte Read/Write operation 
- KM48C2100A/AL/ASL (SV, 2K Ret.) ¢ CAS-before-RAS refresh capability 


- KM48V2000A/AL/ASL (3.3V, 4K Ref.) RAS-on! : = 
° -only and Hidden refresh capability 
Rouse aii Cuetec ¢ Self-refresh capability(L & SL -ver) 


* Active Power Dissipation Unit : mW * Fast parallel test mode capability 
2 3ay * TTL(SV)/LVTTL(3.3V) compatible inputs and outputs — 
¢ Early Write or output enable controlled write 


P-5 [| - | - | 495 | 605 | e JEDEC Standard pinout 

ea a ¢ Available in Plastic SOJ and TSOP(II) packages 
| 252 [| 324 | 385 | 495 | ¢ Single +5V+10% power supply(5V product) 

raf are [356 [330] 9 ¢ Single +3.3V+0.3V power supply(3.3V product) 


FUNCTIONAL BLOCK DIAGRAM 


¢ Refresh Da i 


el 
sai 
2K | 32ms 


° Ht nee 


Refresh Timer 
cen tae a] 

Refresh Control 

Refresh Counter 


DQO 


Memory Array 
2,097,152 x 8 


‘5V nly 


pees Sins [one Sort Soneev On 


Cells DQ7 
[6 | 60ns rane [ Fons] 40ne | SVi.aV| _10-A11 Few aos But —_ 
~A10)* ata ou 

| -7_| 70ns [20ns |730ns| 46ns | sv/3.aV] OT puter Ke OF 


(A0~ A9)*1 
Note) *1 : 2K Refresh 


[_-8 | 80ns [20ns [ons] Sons [5V/8.3V 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS | 


KM48C2000A, KM48C2100A | 
KM48V2000A, KM48V2100A CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM48C/V20(1)00AU/ALJ/ASLJ 


J: 400 mil 28 SOJ 
T : 400 mil 28 TSOP II 
TR : 400 mil 28 TSOP II(Rev.) 


* Note : ( ) --> 2K Product 


| AQ- A114 _| Adare ate, on. DIOg 


Vis 
aS] Column Adaress Strobe | 
[W_ | Reedwete mput__ 
[OE [Data Outputs Enabie___—_—| 
a —— 


[Re Ne connection 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


peg hatin eve Units 
Parameter 
coc ee eae 


Voltage on any pin relative to Vss -0.5 to +4.6 -1 to +7.0 fw 


Voltage on Vcc supply relative to Vss -0.5 to +4.6 -1 to +7.0 | ov | 
Storage Temperature -55 to +150 -55 to +150 Le 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


ee ————eeEEeeee 
Fsupplyvoltage | vec | a0 | as | as | as | so | 56 __ 


ie 7 T( 
Input High Voltage | Vm | 20 | - | veosost| 24 | - | Vooett 
[InputLow voltage | Vu | -03* | - | o8 | +07]  - | 08 | v 


“1: Vec + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
- 1.3V/15ns(3.3V),. - 2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any input O<sVinsVcc+0.3V, ln) 
all other pins not under test=0 volt.) 


Output Leakage Current - 5 5 
Sear aa out is disabled, OV<Vout<Vcc) 


Output High | Output High Voltage Level(ion=-2mA) si Level(loH=-2mA) 


Output Low Voltage Level(lo.=2mA) Pe 


ee en | Leakage Current (Any input O<Vin<sVcc+0.5V Int) 
all other pins not under test=0 volt. ee en | 


Output Leakage Current ina _5 
5V (Data out is disabled, OV<Vout<Vcc) v0 
Output High Voltage Level(lox=-5mA) ete 
Output Low Voltage Levei(loc=4.2mA) Eee eae 
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KM48C2000A, KM48C2100A . | 
KM48V2000A, KM48V2100A _ CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


Icc1. | Don't care 
. 60 


100 

- 90 70 90 

80 60 80 

. Normal : 2 2 mA 
ftom | Nome ooo | Ft FT LE 
100 
90 
80 
80 
70 
60 
1 

300 
200 
100 


Iccs Don't care | 


Normal 1 
Iccs L Don't care 300 
| SL 200 


. 80 80 
Icce Don t care 70 90 70 
; 8 60 80 60 
L 400 400 pA 
Pee | a poet) | eS 
pies [vat [owen | ao [ae | 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 
Icc2 : Standby Current (RAS=CAS=W=Vu ) 
Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
_Icca* : Fast Page Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.) 
Ices : Standby Current (RAS=CAS=W=Vcc-0.2V) 
Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(Vit)=0.2V, CAS= 0.2V 
Din = Don't care, Tac= 31.25ys(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver), ~~ 
Tras=Trasmin~300 ns 
Iccs : Self Refresh Current 
- RAS=CAS=0.2V, W=OE=A0 ~ A11 = Vec-0.2V or 0.2V, DQO ~ DQ7= Vec-0.2V, 0.2V or Open 
*NOTE :  !cc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 


and Icce, address can be changed maximum once while RAS=V.. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A = CMOS DRAM 


CAPACITANCE (Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance [AO - A11 
Input capacitance [RAS, CAS, W, OE] 
- Qutput Capacitance [DQO - DQ7] 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Voi =2.4/0.4V 
Test condition(3.3V device) : Vec=3.3V+0.3V, Vih/Vi=2.0/0.8V, Voh/Vol =2.0/0.8V 


— lintel 
[Random read orwite eycietime | mc | a0] [r10| [30] [sso] | ne | 


| feo} | 70} | eo | ns [34,10 
| fis | [is] [aol | 20 | ns [3 
ns _| 


precharge time tRP 40 ‘50 | 6o| 

[RAS pulse width S| tRAS._| 50 | 10K| 60 | 10K| 70 | 10K| @0| 10K | _s__ 
[RAS holdtime === RSH | 13| 45] [20] Jao] | ns 
[CASholdtime == tH | 50| eo] |70| jeo| | ns_ 
TAS pulse width SSS tS_| 13 | 10K | 15 | 10K] 20 | 10K] 20 | 10K | ns 
RAS to CAS delay time tRCD 37 20 20 | ons | 
RAS to column address delay time tRAD | 15 | 25 15 | 35 [45 | 40 | ns | 10 


CAS to RAS precharge time tCRP 5 5 (ia 
[Row address setuptime =| taSR_ | o| |o| |o| |o| | ns | 
[Row address:‘holdtime ss i address hold time | tRAH | 194g} 10} faa 


tASC 
Column address hold time tCAH 


[ed 

Column address hold time referenced RAS fir | 40} [as] |ss| leo) | ns | 15 
Column address to RAS lead time tRAL [25|  [a0| |[as| [aol | ns 
[Readcommandset-uptime S| rcs | o| [ol lol Jol | ns | 
| Read command hold time referencedtoCAS| tach | o| [o | [lol Jo|{ | ns | 
| Read command hold time referenced toRAS| tpRH_ | o| [o | [oj Jol | ns | 
Writecommandholdtime == | two | to| fo] las] lis] | ns | 
| Write command hold time referenced toRAS| twor | 40} [4s] iss|  leol | ns | 15 
|Writecommand pulsewidth =i twp | to] [to] jis] las| | _ns | 

| lis{ [aol tool | ns | 

[Write commandtoTASleadtime =| tow. | 131 fis} lao] |ao| | ns | 


Note) *1 : 5V only 
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KM48C2000A, KM48C2100A | | | 
KM48V2000A, KM48V2100A — = CMOS DRAM 


AC CHARACTERISTICS (Continued) 


oe aS a es — : es ; 
eh 


Datasetuptime sss tos | of fo | Cfo] fo] fs | 9 | 
Dataholdtime OH to] {to | asf ts] ins | 9 | 
Data holdtimereferencedto RAS |tDHR_ | 40| —[45| [55] [eo] | ns | 455 | 
Refresh period(2K, Normal) ss tREF | | 32 | | 32 | | 32 | | 32 |ms| | 
Refresh period(4K, Normal) __——(tREF || 64 | | 64 | | 64 | | 64 [ms] | 
Refresh period(tvery) Ss ster | | 128] | ras] | 128 | | 128 | ms| | 
Refresh period(SL-ver) sss tREF | | 256| | a56| | 256 | | 256 | ms| 
Write command set-uptime _—————sitwes |o | |o| joj] [ol |ns| 7 | 
CAStoWdelaytime _—Sss—ssftcwo |a6| [ao] —[so|_—s{ so] [ns | 7 | 
RAStoWdelaytime Sst |73{  [es| itoof_~— tt) ins | 7 | 
Column addresstoWdelaytime = [tawo_|4a | |ss| ies] ~~ [70] ns | 7 | 
CAS set-up time (CAS-before-RAS refresh) |tcsR_|s | [5 {| |s|  |s| [ns] | 
CAS holdtime (CAS-before-RAS refresh) |tcHR [10 [ro] |is| [as] ns | 
RAStoCAS prechargetime SS |tapco | 5| |s | |s | 

EAS precharge time(CBR countertestcycle)|tcet | 20] [2o| {sol _—tao| {ns |__| 
Access time tromTAS precharge _——itcPpA |__| 30] | 35 | | 40 | | 45 [ns | 3 | 
Fast Page mode cycle time tPC 35 40 45 aa 


Fast Page mode read-modify-write cycle time tPRWC|76| {85 | ___|1oo|__—ftos|_ fins |_| 


Sapa Seen 

RAS pulse width (Fast page cycle tRASP | 50 |200k| 60 |200k|70| 200k | 80 | 200K | ns _ 
30 36 40 45|___| ns 
DE accesstime Sst | [13] Lis | | 2 | | 20 [ns | | 
OEtodatadelay  —SsS—S—Csi to az] is] lao} ~—tao} ~—s ns |__| 
CAS precharge toWdelaytime __——sitcpwols3 | teo| 70} —sizs| sins |__| 


70 
tOEZ 13 15 

tOEH | 13 
twTs_| 10 


OO 


roHs | sol [so] |-so) __- 


Note) *1 :5V only ~ 
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KM48C2000A, KM48C2100A | 
KM48V2000A, KM48V2100A ‘CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 


6 


| Max |Min 
}95{ fits] ras{ iss] | ns | 
[Read-modify-write cycletime | two [138 |r6o)_—figo] [20], | ins | 
es | | 75 | | 25 | 


tAA | | 40 | | 45 3,10 
RAS pulsewidth == tea | 85| 10K [65] 10K |75| 10K |85| 10K | ns |_| 
CAS pulsewidth = tas [18 | 10K |20/ 10K [25]! 10K [25] 10K | ns | 
RAS holdtime = Ci tH | 18| ~~ [20 [a5] [as] tins | 
cASholdtime si tc | 55] fs) 75] fas] ins | 
[Column address toRASleadtime | tral | 30| [3s] tao] fas] | ns | 
CAS toWdelaytime Sst tcwo | 41] fas] ss] ss| ns | 7 
RAS toWdelaytime st tRwo | 78| 90] aos] [ti] st ns | 7 
[Column addresstoWdelaytime =| tawo | 53| feo} —st7o| ~—s 7s] | ns | 7 | 
Fast Page mode cycietime =| tec | 40/ as] iso} ~—fss| | ns | 
[Fast page mode read-modify-write cycle time| tpRwC| 81, |90| 105] ito, | ns |_| 
RAS pulse width (Fast page cycle) __—_| tRASP| 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns _ 
Access timeform TAS precharne st tcpa | | 95 | [| 40 | | 4s | | 50 | ns 
OE accesstime  —=s———C‘id tor | | 18 | | 20 | | os | | os | ns | 
loEtodatadlay Ss ——~sd toe | 18] ~—to| ~—fss| ~—fs| dt ns | 
OE command hold time froen |i] fol fas} fas] ns | 


Parameter 


ie) 


Note) *1 : 5V only 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A oe CMOS DRAM 


NOTES | 


14. 


15. 


. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 


proper device operation is achieved. 

Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. .If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD> tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD=2=tRWD(min) and tAWD2> tAWD(min), then the cycle is a read-modify-write cycle. and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 
Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles and to the W 
leading edge in read-modify-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 


a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 


values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 
4096 (4K Ref.)/2048(2K Ref.) cyclesof burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

tAR, tWCR, and tDHR are referenced to tRAD(MAxX). 


ELECTRONICS 


KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A CMOS DRAM 


2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 2,097,152 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power 
consumption(Normal, Low power or Super-Low power) and package type(SOJ or TSOP-II) are optional 
features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh 
capabilities. Further more, Self-refresh operation is available in L & SL version. | 

This 2Mx8 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high 
band-width, low power consumption and high reliability. It may be used as main memory unit for high level 
computer, microcomputer and personal computer. 


FEATURES ¢ Extended Data Out mode operation 
¢ Part Identification (Fast Page mode with Extended data out) 
- KM48C2004A/AL/ASL(5V, 4K Ref.) ¢ Byte Read/Write operation 
: Aas 0Od TALIA Se mpd : ¢ CAS-before-RAS refresh capability 
s ef. =a : ss 
OV, e - fresh | 
- KM48V2104A/AL/ASL(3.3V, 2K Ref) RAS-only and Hidden refresh capability 


¢ Self-refresh capability(L & SL-ver) 

* Active Power Dissipation Unit: mw * Fast parallel test mode capability 

¢ TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 

e JEDEC Standard pinout 

¢ Available in Plastic SOJ and TSOP(II) packages 

e Single +5V+10% power supply(5V product) 

¢ Single +3.3V+40.3V power supply(3.3V product) 


ieee aa a | 
[6 | 288 | 360_[ 440 | 550 
a} 3i6 | 268 [390 [ 440 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


oe al 
NO. one. aa 


2 
C2104A) BV | a eee ae 56ms 
V2104A 
¢ Performance range: 


ps & lO j 


pr 
Refresh Control 


Memory Array 


[retesh Gooner] | 097.152 8 | § 
r-5 | Sons [tans] 90ne| 20ns [SV Only] sors comer |" Ye par 
15 110 5V/3.3V AO~A11 Row Address Buff 
| -7_| 70ns | 20ns |130ns| 30ns | 5V/3.3V | | Leaggrccs butter Le | Coummn Decoder OE 
| -8 | 80ns | 20ns |150ns| 35ns | 5V/3.3V | (Ao- Ag)r1 


Note) *1.: 2K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A | | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48C/V20(1)04AJ/ALJ/ASLJ 


° 


1 
2 
3 
4 
5 
6 

‘7 
8 
9 


J: 400 mil 28 SOU 
T : 400 mil TSOP II 
TR : 400 mil TSOP II(Rev.) 


¢ KM48C/V20(1)04AT/ALT/ASLT ¢ KM48C/V20(1)04ATR/ALTR/ASLTR 


AO - A114 Address ‘rin puts(4K product 
AO - A10 Address Inputs(2K product) 


Row Address Strobe 


Column Address Strobe 
Read/Write Input 


= Power(+3.3V) 


Power(+5.5V) —- 


ELECTRONICS 


KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A __CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


eee eee 
lene oie eeaieRnenVal | vac) aerogenes) enzo IW 
[Power Dissipation ——~SC~idCSCi || 
[Shor Cirut Output Gurent | ike] 50 —~+| 80 «dt ma | 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Jia dedaaabiclmse bedbeeiah Lib eAibled ll cade (Voltages referenced to Vss, Ta= 0 to 70 0) 


“Parameter 


cI Esl a ee 
foros [vm {oe [9 |e |e fo fo Tv 
[input igh Votage| Vm | 20 |. |Voxos"] 24 | _-_ | vost? | v 

[input Low votage | ve | -037[ | os [ oF [ 


*1: Voc + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND aa CHARACTERISTICS a operating conditions unless otherwise noted.) 


a ee a tet 
— Leakage Current (Any input 0<Vin<sVcc+0.3V, 
all other pins not under test=0 volt.) 
Output Leakage Current lon ' 
(Data out is disabled, 0V<VoutsVcc) ul 
Output High Voltage Level(loH=-2mA) fata oti abe, Ovsvosvee) —_}_F° |=} 
Output Low Voltage Level(lo.=2mA) Le 


| Input Leakage Current (Any input O<Vin<Vcc+0.5V, Lue) -10 10 
all other pins not under test=0 volt.) 
. SV 


c 
RrSEIEe 


Output Leakage Current isi 

Data out is disabled, OV<VoursVcc) se, 

Output High Voltage Level(loH=-5mA) Moma out abies, Dvsvonsveq.__} 7+} 
Output Low Voltage Level(lo.=4.2mA at ee ae 


ELECTRONICS 


KM48C2004A, KM48C2104A : b te San es 
KM48V2004A, KM48V2104A | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


es 


Don't care 


70 90 70 
60 80 _ 60 
Normal : 2 

- - 90 

; 80 100 80 
Don't care 70 90 70 
60 80 60 
- - 100 

90 100 90 


Don't care ‘ 
80 90 80 
70 80 70 
Normal 1 1 1 
L Don't care 300 300 300 
SL 200 200 200 
- - . 90 
80 80 
L 


Don't care . a 

eS : 70 90 70 9 
8 60 80 60 8 
450 400 450 400 WA 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 

Icce : Standby Current (RAS=CAS=W=Vu ) 

Icc3* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

Icca* : Hyper Page Mode Current (RAS=Vit, CAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5s(4K/SL-ver, 2K/L-ver), 125ys(2K/SL-ver) , 
TraS=TrRasmin~300 ns : 

Iccs_: Self Refresh Current 
RAS=CAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V_ or 0.2V, DQ0 ~ DQ7= Vcc-0.2V, 0.2V or Open 


0 mA 
0 mA 


*NOTE :  Icc1, lccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open.’ Icc is specified as an average current. In Icc1, Iccs, - 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 


ELECTRONICS 


KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A | | CMOS DRAM | 


CAPACITANCE(Ta=25°C, Vcc=5V or 3.3V, f=1MHz) 


_. Parameter 
Input capacitance [AO - A11 
Input capacitance [RAS, CAS, W, OE} 
Output Capacitance [DQO - DQ7] 


AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Voi =2.0/0.8V 
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vii=2.0/0.8V,; Voh/Voi =2.0/0.8V 


[Random eadorwite yletime [| oa) [toe] [ree] [aaa] | | 
Read-modiywitecycletime | tAWC [rag] [140] [170] [reo] | | 
fAccesstine fom AAS st mC.| | [eo] | 7] | 80 | ms [aao 
fAccessimetromGAS__——=S—=* AC] | 13] | |_| 20] | 20 | ms | as 
[Access tie from coumnadaress | wa |_| a5{ | a0] | 35| | 40 | re | ano 
EAS ouputintowz == | | 3] [a] jal |] s 
[Output buttertumvotidelayrom AS | vez | 3] 18/3/16) 3| 20/2 | 20 | me | 61s 
OE to ouput in LowZ poz ts, [s{ [e! fs} [| s 
Fanstion imo (se andia) +f | 2 [60,2 | s0]2 || 2| 60 | | 2 
[EAS prechargetime ——=~S~=~wrR~SdC S| fw] [50] feo) | ns 
[RAS puso widh —_———————_—*| RAS | 60 | TOK | 60 | 10K] 70 | 10K] eo | 10K | Hs 
RAShoidtime ——SsCSC~C~“~*~dGH:*C THO] | 
fexShodtme——SSC* OSH | 8] fas | so] feo] | ns 
[CAS pulse with —————~S~S~S~S~r GAS |B | TOK] 90 | 10K] 15 [TOK] ao | TOK] ns | 1S 
[RAS 10 CAS delaytime | nod | 20| a7 [20 | 45/20] so ao] oo | ms | 
[RAS 0 column address delaytime | Rad | 15 | 25 [15 | 20 [15] 95 | 15 | 40 | ns | 10 
[CASTORAS prechargetime ‘rp | s| [s| |s| js] || 
[Row address setuptime ———~zipas | of [o| o| |o| | 7s, 
[Row address hoidtime —~=~SC~ RAH: | YO ao] [to] |) | 5 | 
[Column address setuptime {usc | of [fo] |o] {o| | ms 
[Column addressholdtime __———~ijwan | @| [vo] [vs] [as] | os | 
[Column address hold tie reference RAS [tn [as] [a2] [52] [s7| | | 7 
[Columnaddressto FAS leadtime | tRAL | 25] =| 30 | [35] | ao] |_| 
[Readcommandsetuptime [acs | of [o| |o{ |o| | ms 
Read command hold time referenced to CAS PtRcH | of 60} 6 6f[of})hlUudf lo fs | 8 
| Read command hold time referenced to RAS | tRRH | 0 _ cdl Oe 
[Writecommandhoidtime | twCH | 10] | 10 | [15] | ts | |_| 
tWP 
1 


Write command pulse width [we {sof {io} [is] [is] [as | 
[WritecommandtoRASleadtime | tRwe | 13| [15 | 20] | 20] | ns 
rw. | s{ fio] [is] [aol | ns | 


Note) *1 : 5V only 


am a 
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KM48C2004A, KM48C2104A | 
KM48V2004A, KM48V2104A CMOS DRAM 


AC CHARACTERISTICS (Continued) 


a ee 
Datasetuptime ——————~+ies [of jo} [eo] oj 

Datahoistime ——=SCS~wrOM =f | tO] tay ite] is 8 
Data hold time referencedto FAS [OHA |a7| [| _|s2|__[s7| [rs | 17 
| JRetreshperioa(2K, Noma _———~*immer | [| [me] || | @|m| | 
Retesh peroa(sK, Norma) ___|\REF_| [ee [ [es { |e | | o [ms] 
Retesh perodvey __——SCSC~*zRE ~~~ ae] vee] | vee | | wae [me] 


efresh period(SL-ver) 
Write command set-up time tW 


CAS to W delay time 
RAS to W delay time 
i 


AS set-up time (CAS-before-RAS refresh 
AS hold time (CAS-before-RAS refresh) 
 |RAS to CAS precharge time RPC | 
AS precharge time(CBR counter test cycle 
; 
Hyper Page cycle time 
i i tHPRW 
AS precharge time (Hyper page cycle) _ 
RAS pulse width (Hyper page cycle) ___|tRASP_| 50 | 200k] 60 | 200K 70 | 200K | 80 | 200K | ns_| 
RAS holdtime fromCAS precharge _—|tRHCP | 30| | 35 | tao) | a5 | [ns | 
DE accesstime sss SEA | | | | 5 | | 20 | | 20 [ns | 
OEtodatadelay = tED 13] ts | j2o] tao} ns | 
CAS precharge toWdelaytime = [tcPpwo | 45 | |s4| fea] feo | ns | 
Out put butter turn off delay timefromOE |toez | 3 | 13/3 | 15 | 3] 20 | 3 | 20 | ns [613 
OE commandholdime EH [13| [15| [20] [20 [r= | 
Write command set-up time(Test mode in) [twrs_|1o| fio fio} to] | ns | 44 | 
Write command hold time(Test mode in) _[twtH |to| fio fio} fo | | ns | at | 
WtoRAS precharge time(C-B-R refresh) |twrp [io]  |io| {rol fo] fins | 
WWtoRASholdtimeC-B-R refresh) ——|twAH [10] [to] lio] fro) ns | 
Output dataholdtime «tH |S | fs | 
Output buffer turn off delay from RAS tREz | 3 | 13 | 
Output buffer turn off delay from W 
| 
OEtoCASholdtime toc =| 5 | | 
a oe ee 
cae 
twPe | 5 | 


D 


ee Ee ee ee ee 
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RAS pulse width(C-B-R self refresh tRASS_ |100 


Note) *1 : 5V only 


PSnmsungg - 218 


ELECTRONICS 


KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A . CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter mot au 


ine anes so | frro| [rao] [so] [re | 10 | 
TRS holdtine (-2-R oot retest) | wus |-so] [so [sof [so [ne | 14 | 


TEST MODE CYCLE (Note. 11) 


[meme |e tr ff 
— me oman a 


Randonreadorwiteqeetme RG [aa| fro —fraa)!—iaol | rs | 
Fead-mediy-wite eye time ('RWO frail __[vas]___[rr|___[195] [ns |__| 
fAccesstimefiomRAS_———~tRAC_| =| 6 | | es | | 7 | | @8 | ns aad 
osesstime rom GAS __———~ieac—~| | 8 | | | | 8 | | 5 [rs [aus 
Access te from column address [aa [| | 90 | | a5 | | 0 | | 4 | rs | aso 
AS pulse wath __—_—~—~=iIRAS—[a5[ 10K [@5| 10K |75| 10K [65] TOK [no] | 
EAS pulse with —————S—*iGAS [a] 10K [45| 10K [20] 10K [as] 10K [ns |_| 
RASholdtime ———SC~iRS tw eos | das | ne | 

EASoidtime ~~ _fasf [50] as] [es] [ns | 
Column aderessto RAS eadime [Ra _[ao[ [as] [0] /45[ [m= | 
CAStW delaytime ____——~irCWO|a5| ao) [aot [aa] [ms | 7 | 
RAS toW delaytime__['mw0 [72[ _[ea| [aa] io0| | ne | 7 
Coun adcress toWdelaytime _|awo [a7] [s4[ oa] /e[ | ns | 7 
Hyper Page cycletme ‘(tec [as[ [ao] [as] [40] | ns | 16 
Hyper page read-modiy write oyletmeltHPRWG|sa| _[e1| _|76| __|es] | ns | 16 
FAS pulse width Hyper page ele) _[tRASP_[s5| 200K [as| 200K | 75 | 200K [es] 200K | ns |_| 
Access time form CAS precharge [ropa | | a3 | | «0 | | 5 | | 60 [ns | a 
DEacccesime _———=—=—S~toea | | ta | | 20 | | os | | [ns] | 
DEtedeta delay —————iweo [rel ao} asl fast [re | 
OE command oldie froen [re [2o[ as] las] [ns | 


Note) *1 : 5V only 


am — 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A | CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
- proper device operation is achieved. 

2. Virn(min) and Vic(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vik(min) and ViL(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. twWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If'tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by againg the above'value to the 
specified value in this data sheet. 

13. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

14. 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

15. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

16. tASC =tCPmin, Assume tT = 2.0 ns 

_ 17. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 


ELECTRONICS 


KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 


1M x 16Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 1,048,576 x16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh 
cycle(1K Ref. or 4K Ref.), access time(-6, -7 or -8), power consumption(Normal or Low power) and package 
type(SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in self-refresh version. 

This 1Mx16 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memroy unit for 
microcomputer, personal computer and portable machines. 


FEATURES e Fast Page Mode operation 
¢ Part Identification ¢ 2 CAS Byte/Word Read/Write operation 
- KM416C1000A/A-L (5V, 4K Ref.) ¢ CAS-before-RAS refresh capability 
~ KM416C1200A/A-L (5V, 1K Ref.) ¢ RAS-only and Hidden refresh capability 
: SUP tn Ai en a a ¢ Self-refresh capability(L-ver only) 
aie ; * TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
° * Active Power Pe bate) Unit : mw e Early Write or output enable controlled write 


e JEDEC Standard pinout. 

e Available in Plastic SOU and TSOP(II) packages 
¢ Triple +5V+10% power supply(5V product) 

¢ Triple +3.3V+0.3V power supply(3.3V product) 


. aa cycles | FUNCTIONAL BLOCK DIAGRAM 


Seas 

iii 
sate |e |™ 
Ue 


° Performance range: 


Lower 
Data out 
Buffer 


Memory Array 
1,048,576 x 16 


Column Decoder 


‘ol. Address Buffer 
(AO ~A9)*1 


Note) *1 : 1K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM416C1000A, KM416C1200A | 7 : 
KM416V1000A, KM416V1200A CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM416C/V10(2)00AJ * KM416C/V10(2)00AT ° KM416C/V10(2)00ATR 
VCC VCCd]1 o [0 Vss 
DQO -DQ0 m2 [ DaQi5 
DQIt Bae ds FD DQ14 

2m 4 = 

DQ2 DQ3 m5 a ote 
DQ3 ; VCC 46 . i Vss 
VCC DQ4 FD DQ11 
DaQ4 DQ5 FD DQ10 
DQ5 pee I DQ 
DQ6. N.C "34 ar 
DQ7 

N.C 
N.C q12 

W HO N.C 


A11(N.C) RAS ow 15 OE 
A10(N.C) A11(N.C) 07516 [Ag 
AOQU17 Al aN 17 cn Ag 
(= mt 

parte Al his =e 
A219 A2 490 AS 

A3 A3 wo 21 oO A4 

VCC VCC 22 - Vss 


Address Inputs(4K Product 
Address Inputs(1K Product 
Data In/Out 

Ground 

Row Address Strobe 

Upper Column Address Strobe 
Lower Column Address Strobe 
Read/Write Input 

Data Outputs Enable 
Power(+5.0V) 

Power(+3.3V) 

No Connection 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
| 


Voltage on any pin relative to Vss -0.5 to +4.6 -1 to +7.0 
Voltage on Vcc supply relative to Vss | Veo -0.5 to +4.6 -1 to +7.0 
Storage Temperature -55 to +150 -55 to +150 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 


device beac 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Symbol ain [Typ [Max [Min | typ | Max | 
Supply Votage | Vo | a0 | as | 36 | 45 | so 

TGrount «| vss “| o | vo To | 0 | vo | 
Finput High Votlage| Vm | 21 | - [vowos"| 24 | - | voon™| v_| 
input Low Voltage | va] 0d | - | 08 | 107] - | 08 | v_| 


*1: Vee + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS i ee operating conditions unless =e noted.) 


Seen eee Leakage Current.(Any input O0<Vin<Vcc+0.3V, In) 
all other pins not under test=0 volt.) 
Output Leakage Current iow 5 
(Data out is disabled, OV<VouT<Vcc) 
Output High Voltage Level(loH=-2mA) ibaa ot cee Ose 
Output Low Voltage Level(lo.=2mA) | va | - | 04 | Vv. 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, Inu) -5 5 WA 
all other pins not under test=0 volt.) 
Output Leakage Current 
SV (Data out is disabled, OV<Vour<Vcc) | ty fs | 5 | ua | 
Output High Voltage Leveél(loH=-5mA) | vow | 24 | - | vi 
Output Low Voltage Level(lo.=4.2mA) et ft 


ELECTRONICS . 


KM416C1000A, KM416C1200A ee 
KM416V1000A, KM416V1200A _ CMOS. DRAM. 


ae Gadel OPERATING CHARACTERISTICS (Recommended operalng conditions unless orhenwise noted: ‘a 


Don't care 


Don't care 


130 140 


Icc1* : Operating Current (RAS ,UCAS,L CAS Address cycling @tRC=min.) 
Icce : Standby Current (RAS=UCAS=LCAS=W=Vm ) 
Iccs* : RAS-Only Refresh Current (UCAS=LCAS=Vin, RAS ,Address cycling @tRC=min.) _ 
lcca* : Fast Page Mode Current (RAS=ViL, UCAS or LCAS, Address cycling @tPC= me) 
Iccs : Standby Current (RAS=UCAS=LCAS =W=Vec-0.2V) 
Icce* : CAS-before-RAS Refresh Current (RAS ; UCAS or [CAS cycling @tRC=min.) © 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(Vit)=0.2V, UCAS, [CAS= 0.2V, 
Din = Don't care, Trc= 31.25ys(4K/L-ver), 125s(1K/L-ver), TRas=TRasmin~300 ns 
Iccs : Self Refresh Current 
RAS=UCAS=LCAS=Vi_, W=OE=A0 ~ A11 = Vcc-0.2V_ or 0.2V, 
DQO ~ DQ15= Vcc-0.2V, 0.2V or Open 


*NOTE :  Icct1, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In !cc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VI. In Icca, oe can be 
changed maximum once within one fast page mode cycle time tPC. 


en aS 


ELECTRONICS 


KM416C1000A, KM416C1200A | 
KM416V1000A, KM416V1200A CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance [AO - A11 


Input capacitance (RAS, UCAS,LCAS, W, OE] 
Output Capacitance [DQO - DQ15} 


AC CHARACTERISTICS (0°C<Tas70°C, See note 2) 

Test condition(5V device) : Vcc=5.0V+10%, Vin/Vil=2.4/0.8V, Voh/Vol =2.4/0.4V 
Test condition(3.3V device) : Vec=3.3V+0.3V, Vih/Vil=2.1/0.8V, Voh/Vol =2.0/0.8V 
Parameter Symbol [min | Max | Min | Max Units | Notes 
Random read or write cycle time } tac | 110] | 130 150 n 


jigo[ [so] | as 
Read-modify-write cycle time tRWC | 155] | 185 | =| 205 | | | 
Access time from CAS tCAC | [18 | 20 20 ns | 3,4,5 
Output buffer turn-off delay 'torF | o | 15 | o | 15 | o | 15 | ns | 6 
Transition time (rise and fall) tT 50 3 50 3 50 ns 2 
RAS precharge time tRP 50 60 ns 
RAS pulse width tRAS | 60 | 10K/ 70 | 10K | 80 | 10K | ns 
RAS hold time {RSH 20 20 ns 
CAS hold time tCSH_ | 60 | 70 80 ns 
CAS pulse width _| tcas 
RAS to CAS delay time tRCD 45 | 20 | 50 | 20 | 60 | ns | 4 
RAS to column address delay time tRAD 30 15 35 15 40 ns 10 
5 5 ns 
Row address set-up time tASR | o | 0 0 ns 
Row address hold time tRAH 10 10 ns 
Column address set-up time tASC ) 0 ns 11 
Column address hold time {CAH 15 ns | 14 
so | | 3s 40 ns 
Read command set-up time tRCS Pe cL Gt ah ati | 


Read command hold time referenced to CAS 
Read command hold time referenced to RAS tRRH 


We command gue wah | -wie 


i 
D 
oO 
x= 
=a {ja Ja 
a;o ;7o jo) 
= 
ao 
= 
or 
=) 
BE 
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ELECTRONICS 


KM416C1000A, KM416C1200A ar Ct ee: 
KM416V1000A, KM416V1200A __CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, See note 2) 


CAS precharge time(CBR counter test cycle) ltcpet | 20 [| | 25] | 30 |  Jrns|{ | 
Access time fromCAS precharge [cpa | | 95 | | 40 | | 45 [ns | 3 
Fast Page mode cycietime = [tp | ao | | a5 | | so | fs | 
Fast Page mode read-moditfy-write cycietime [tprwc | go | | 95 | | 100 | | ns |_| 
CAS precharge time (Fast page cycle) ‘tcp =| 1 | =6[ to] ~~] to | J is | 
RAS pulse width (Fast page cycle) _— | tRASP_ | 60 | 200K| 70 | 200K| 80 | 200K | ns |_| 
_|RAS hold time from CAS precharge 35 Ft ao |) | 4s | [ns | 

DE accesstime tA || ts | | 20 | | 20 | rs | 3 
DE todetadelay toe | ts | | eo | | eo fs | 
Out put buffer tum off delay time fromOE | toez_| o | 15 | 0 | 20 | o | 20 | ns 
OE commandhoidtime = tOEH | ts | | 20 | | 20 | | ns | 
AS pulse width(C-B-F self refresh) _—|trass | 100 | | 100} _—| too | | us 
RAS prechargetime (C-8-A selfrefresh) [taps | 110 | | 190 | | 150 |__| ns | 
50 ns 


18 
18 


ELECTRONICS ae 


KM416C1000A, KM416C1200A “4 


KM416V1000A, KM416V1200A CMOS DRAM 


NOTES 


1. 


10. 


An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 


. Vin(min) and Vit(max) are reference /evels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vi_(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL (5V device)/ 1 TTL(3.3V device) loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 


a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. ~ 


. Assumes that tRCD2 tRCD(max). 
. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD=2tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


KM416C/V10(2)00A/A-L Truth Table 
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ELECTRONICS 


KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 


11. tASC, tCAH are referenced to the earlier CAS falling edge. 

12. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. ; . 

13. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

14. tCWL is specified from W falling edge to the earlier CAS rising edge. 


ROSS BCI IOI 
ADD. SRR ; RRR KIN 


15. tCSR is referenced to earlier CAS falling low before RAS transition low. 
16. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 


CCAS 


UCAS 


tCSR tCHR 


17. tDS, tDH is independently specified for lower byte Din(0~7), upper byte Din(8~15). 
LCAS 


DQ7 — Zee 2 {Din FESKESOIRS serra oe oe Toe TI HTN 


tDS i ada 


. AFAR OS af ef af ef of tof ol Se WOODS NO s.{j§ LPI FID Varese avaratay, Vv aVavaveaveavavaevavaevavavravavavavay 
DQ8~ sxx Koro ON. Din Moe eorrooroorerooooroooesrorrrooresvorso ror noe 


OOO? 


SILRRR 
erertereterererereen 


! 


18. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, . 
in order to meet refresh specification(L-version). 
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ELECTRONICS 


KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 


1M x 16Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 1,048,576 x16 bit Dxtended Data Out CMOS DRAMs. Dxtended Data Out mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(i1K Ref. or 4K Ref.), access time(-6, -7 or -8), power 
consumption(Normal or Low power ) and package type(SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in Low power version. 

This 1Mx16 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS 
process to realize high band-width, low power consumption and high reliability. It may be used as main 


memroy unit for microcomputer, personal computer and portable machines. 


FEATURES ¢ Extended Data Out mode operation 
* Part Identification (Fast Page mode with Extended Data Out) 
- KM416C1004A/A-L (5V, 4K Ref.) * 2CAS Byte/Word Read/Write operation 
~ KM416C1204A/A-L (SV, 1K Ref.) * CAS-before-RAS refresh capability 
- KM416V1004A/A-L (3.3V, 4K Ref.) 


« RAS-only and Hidden refresh capability 
* Self-refresh capability(L-ver only) 
* Active Power Dissipation Unit : mw * TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 


¢ Early Write or output enable controlled write 
Speed 4K e JEDEC Standard pinout 
| -6 | 324 | 540 [ 550 | 880 | * Available in Plastic SOJ and TSOP(II) packages 
504 825 * Triple +5V+10% power supply(5V product) 


| -8 | 252 | 468 | 440 | 770 | ¢ Triple +3.3V+0.3V power supply(3.3V product) 


- KM416V1204A/A-L (3.3V, 1K Ref.) 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


Part Mies Refresh Refresh period 
NO. cycle 
C1004A| 5V 


v1004a| 3.av! + ube 


K 
C1204A| 5 Heeme 
1K 16ms 


V 
V1204A} 3.3V 


Lower 
Data in 
Buffer 


DQO 
to 


Refresh Timer Lower DQ7 
Pace see eae out 
¢ Performance range: Butter 


Memory Array 


re} ! 
es 
Ls] 
Speed; «RAC tCAC tHPC 1,048,576 x 16 £ rs Se OE 
(AO ~AQ)*1 
| 6 | 80ns | 20ns | 144ns | 36ns | Oe ay greg 
(AO ~AQ)"1 Buffer 


Note) *1: 1K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 


° KM416C/V10(2)04AJ 


PIN CONFIGURATION (Top Views) | 


* KM416C/V10(2)04AT ¢ KM416C/V10(2)04ATR 

VCCI1 o FD Vss 1 
DQO m2 UI DQ15 2 
DQi 3 ft DQ14 3 
DQ2 14 FO DQ13 4 
DQ3 m}5 fr DQ12 5 
vccri6 TO Vss 6 
DQ4 117 HO DQ11 7 
DQ rls FO DQ10 8 
DQ6 r0 DQ9 fe) 
DQ7 OD DQ8 0 
N.C PO N.C 1 
N.C CON. 
N.C co Leas 

WwW -O UCAS 
RAS 415 CO OE 

A11(N.C) 7146 [AQ 
A10(N.C) a4 47 Oo Ag 

AO 418 cn A7 

Al 019 FO AG 

A2 1120 - A5 

A3 04 HO A4 
VCC m4 20 - Vss 


[PinFunetion 


KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss -0.5 to +4.6 


Power Dissipation Hoe 1 


Short Circuit Output Current los 50 


CMOS DRAM 


-1 to +7.0 


1 
50 


V 


j 


Voltage on Vcc supply relative to Vss -0.5 to +4.6 -1 to +7.0 V 
Storage Temperature -55 to +150 -55 to +150 


Ww 
mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 


device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Ground 


*1: Vcc + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


5V 


lee ee 
[Supply Votage | Vec| a0 | es | as | as | 50 | 55 


5 


3.6 4.5 5.0 5. 
| ves | o | o | o | o | o | o | 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any input O<VinsVcc+0.3V, ln) ah 5 WA 
all other pins not under test=0 volt.) 
Output Leakage Current 

3.3V_ | (Data out is disabled, OV<Vour<Vec) on 2 2 WA 
Output High Voltage Level(loH=-2mA) VOH 2.4 - V 
Output Low Voltage Level(lo.=2mA) VoL 0.4 V 
Input Leakage Current (Any input 0<Vin<Vcc+0.5V, ln) 25 5 WA 
all other pins not under test=0 volt.) 
Output Leakage Current : 

5V (Data out is disabled, 0V<Vout<Vcc) low) : s ak 
Output High Voltage Level(loH=-5mA) VoH 2.4 - V 
Output Low Voltage Level(lo.=4.2mA) VoL 0.4 Vv 

.231 


KM416C1004A, KM416C1204A 


KM416V1004A, KM416V1204A 


CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted. ) 


Iccs 


KM416V1004A | KM416V1204A | KM416C1004A | KM416C1204A 


150 ~~ 100 160 
Don't care : a 140 is 150 
130 140 


150 


Don't care 140 
130 


120 
Don't care 110 


100 
6 


Don't care : 


* : Operating Current (RAS UCAS,CCAS — cycling @tRC=min.) 
: Standby Current (RAS=UCAS=LCAS=W=vVum ) 
*:RAS-Only Refresh Current (UCAS=LCAS=Vin, RAS ,Address cycling @tRC=min.) 
: Hyper Page Mode Current (RAS=ViL, UCAS or LCAS, Address cycling @tHPC=min.) 
: Standby Current (RAS=UCAS=LCAS =W=Vcc-0.2V) 
: CAS-before-RAS Refresh Current (RAS , UCAS or LCAS cycling @tRC=min.) 
: Battery back-up current, Average power supply current, Battery back-up mode 


Input high voltage(Vit)=Vcc-0.2V, Input low voitage(Vit)=0.2V, UCAS,LCAS= 0.2V, 
Din = Don't care, Tro= 31.25s(4K/L-ver), 125ys(1K/L-ver), TRas=Trasmin~300 ns 


: Self Refresh Current 


RAS=UCAS=CCAS =Vit, W=OE=A0 ~ A11 = Vcc-0.2V_ or 0.2V, 
DQO ~ DQ15= Vcc-0.2V, 0.2V or Open 


*NOTE:  Icc1, Iccs, loca and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 


i FI FCTRONICS 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


Parameter 


AC CHARACTERISTICS (0°CsTas70°C, See note 2) 
Test condition(5V device) : Vcc=5.0V+10%, Vih/Vil =2.4/0.8V, Voh/Vol =2.0/0.8V 
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vil =2.1/0.8V, Voh/Voi =2.0/0.8V 


[Random readorwite oydetine ——~| HO | toa 
nwo | wo] [ao] [wo] | =| 
20 4 


[Transition time(rise andfal) | tT | 2 | 50 | 2 | 60 | 2 | 50 | ns | 2 | 
feel 


precharge time 


[RAS precnargetime_——SSSSSd RP 
RAS pusewian ———~—S~S~S RAS | 80 | TOK] 70| TOK] 80 [OK | mo | 
fcAShotime ——SOSCS~C~S~S HH | sO] wT Od 
[CAS puse wah ——————S—S~s aca | to | 10K | 15 | TOR] 20 | 10K | ve | 
RAS to CAS delayime | waco | 20 | «3 | 20 | 50 | a0 | eo | ms | * 


CAS toRAS prechargetime | tcrp_ | 5 | | 5 | | 5 || ts | 

Row address setuptime | taSR | o | | o | | ol | ls | 

[Row addressholdtime | RAH | to | | to | | tof | is | 

[Column address setuptime | tase | o | | o [| | oo || ns | 14 | 

[Column addressholdtime | tCAH_ | 10 | | 15 | | ts | | ns | 14 | 

Column address to RAS lead time PiraL | 30 | | 33] [4] | rms [| 
aa ie 


[Read command setuptime =| RCS | 
[Read command hold time referenced to CAS | 1RCH_| 0 _| 
Read command hold time referenced toRAS | tRRH | 0 | 
Writecommandsetuptims | wes | o | | o | | oo | | ns | 7 | 
|Writecommandholdtime | WH | 10 | | ns | | 
twe | 10 | 
AWE | 15 | 


en - 


KM416C1004A, KM416C1204A an | BF ors 
KM416V1004A, KM416V1204A | : CMOS DRAM 


sy Se aeeaunescnees 


Rie commando adie ome fp fet aoe | 
Se eC COE aa Ca NT 
Deiahodtime —_———S~— OM OT | df | fo) 
Retreshperod(iK Noma) _———sgweF || we] [we |e me] 
otros period, Noma) __——~S~=i REF] =| | ow |i ow fm | 
Retresh period ve) _——S~wrRE |= ee | ee | di ee fms | 
EAS toWdelaytime _—~=S=~ir CW ww || ww] | a Pe | 7 
RS io eoaytng woe oe ee 
; ras |_| 


AC CHARACTERISTICS oe 


tAWD Peep pep [el 
ERS precharge to W delaytime _[rcpwo sa | | e | | a| [| 
CAS setup time (CAS-beforeRAS retest) [tcsR | s | [5 [10] [ws | 
CAS hold time (CAS-before-RAS reresn) [tou [10 | | 1 | | 10 | [re [19 


RAS toCKS prechargetime ___——-ieapc_| 5 || s || 6 | [w| 
EAS precharge time(CBR courtertestoye) [rcpt | 20[ | est | ao} [rs | 
Access time trom AS precharge ___—~(toPA | | as | | 0 | | a [ns | 3 
Hyper Page mode cycletme ————-itwwpc fas || eo | | a | [ae] nt 


Hyper Page mode read-modiy-wrte oyletime| twPRWG sé |_| 71 | | e1 | [m= | 1 
See eT C0 foe 8 


RAS pulse width (Hyper page cycle) _—(|tRASP | 60_| 200K | 70 | 200K | 80_| 200K | ns_| 


3 {DOH ns 
[Output buffer turn off delay fromRAS ss [trez_ | 3 | 15 | 3 | 20 | 3 | 20 | ns [613 
[Output buffer tum off delay fromW ss [twez | 3 | 15 | 3 | 20 | 3 | 20 [ns | 6 
Wrodatadelay twee | ts | | co | | co | is | 
OE to CASholdtime StH | 5 | | || | os | 
[CASholdtimetoOE tc | os | | 5s || ls Ts | 
OE prechargetime tee | s | Ut sé | Uf oh fT fas] 
Wopulsewidth Ss ftwre |  | | | Ts | 
RAS pulse width(C-B-F selfrefresh) [tras | 100 | | too| | too | | us | 12 | 
RAS precharge time (C-B-A selfrefresh) [taps | 110 | | 190 | | t50 | | ns | 12 | 
CAS holdtime (C-B-A selfretresh) [rcs | so] | so] | so | ns | 12 | 


KM416C1004A, KM416C1204A 


KM416V1004A, KM416V1204A CMOS DRAM 
NOTES 


1. An initial pause of 200s is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vi(max) and are assumed to be 2ns for all inputs. | 

3. Measured with a load equivalent to 2 TTL (5V device)/ 1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD= tRWD(min) and taWD2= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. , 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 


11. tASC> 6 ns, Assume tT = 2.0 ns 

12. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, 
in order to meet refresh specification(L-version). 

13. If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. ; 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. tCWL is specified from W falling edge to the earlier CAS rising edge. 


UCAS 


18. tCSR is referenced to earlier CAS falling low before RAS transition low. 
19. tCHR is referenced to the later CAS rising high after RAS transition low. 


tCSR tCHR 


20. tDS, tDH is independently specified for lower byte Din(O~7), upper byte Din(8~15). 


CCAS \ 
3] i 
DQO0~ SXBSSoo oor EK IHTIIOITI ITI IT IT ITI IIIT IIIT NOTHIN ITIITN 
REPO y, 
a7 RRR Din PSS Sef sesesoerereiereieiee NIKKI IRR IIR 
tbs A tDH 

DQB~ =§ JONDOOYOMYOMO]HYVOODWOO FD F Din | 0:0-0-0-0-0-0-6"6- 60-00 0-0,0-6-0-0-0 0-60-6000" 0-00-0°0-0- 65. 
DO15 SRR RRR RII IRR RK RR ROKK 


Target 
KM432V502, KM432V522 CMOS DRAM 


512K x 32Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 524,288 x 32 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(1K Ref. or 4K Ref.), access time( -7 or 
-8), power consumption(Normal or Low power) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in Low power version. 

This 512Kx32 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES * Fast Page Mode operation 
* Part Identification ° 4 CAS Byte/Word Read/Write operation 
- KM432V502/-L (3.3V, 4K Ref.) ¢ CAS-before-RAS refresh capability 


- KM432V522/-L (3.3V, 1K Ref.) ¢ RAS-only and Hidden refresh capability 


 Self-refresh capability(L-ver only) 
* LVTTL(3.3V) compatible inputs and outputs 
* Active Power Dissipation Unit : mw * Early Write or output enable controlled write 
e JEDEC Standard pinout 
¢ Available in TSOP(Il) package 


¢ Single +3.3V+0.3V power supply 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


Part Refresh ee time 
NO. cycle - Normal | Lever | 


i 


Control 
Clocks 


Refresh Timer 
bg 

Refresh Control 

Refresh Counter 


AO ~A11 TS lRow Address Buffer 


VBB Generator 


¢ Performance range: 


7 
8 | 80ns_|~20ns | 750ns | S0ns_| 


Memory Array 
524,288 x 32 
Cells 


: 


(AO ~A9)*1 DQ31 
AO ~A6 Col. Address Buffer Column Decoder 
(AO ~A8)"1 


Note) ‘1: 1K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


| Target 
KM432V502, KM432V522 CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM432V502T ¢ KM432V502R 
pao 42 pa31 past 2 
pai 43 pa30 paso 3 
paz 44 pa29 pazg a 
pas 45 paza Daze Yes . 
Vee 6 Vss Vss 6 
pa4 47 DQ27 DQ27 7 
pas 48 DA26 paze 463 8 
Da6 DQ25 DQ25 9 
DQ7 DQ24 pa24 461 
N.C N.C N.C 
Vec Vss VSS 
DQ8 DQ23 DQ23 
pag pa22 DQ22 
pai0g Da21 pa21 
paiiG pazo DQ20 G55 
Vcc vss vss 
baQi20 DQ19 DaQi9 G53 
pai3 0 DQ18 pais 452 
DQ14U DQ17 DQ17 
DQ15 0 DQ16 DQ16 U 
N.C N.C N.C 
N.C TASO CASO 48 
N.C CAS1 CAS1 47 
N.C TAS2 CAS2 
N.C CAS3 CAS3 
RAS Ww W 
AO OE OE 
Al N.C N.C 
A2 A11(N.C) A11(N.C) 
A3 A10(N.C) A10(N.C) 
A4 AQ AQ 
AS A8 AB 
AG AT A7 
Vee VSS ee 


* (N.C ): 1K Ref. Product 


»| Pin Function — 


ow Address Strobe 


1st Byte Column Address Strobe 
2nd Byte Column Address Strobe _ 


3rd Byte Column Address Strobe 
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ELECTRONICS 


| Target 
KM432V502, KM432V522 | | __CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


| Parameter | Symbot | Rating | Units 
-Vottage onary pinrelavetoVes | VnVor | 05 w vonowv | _v_| 
[ Wottage on Vos supply relatvetoVes | Ver | 05 +46 | Vv — 
"Storage Temperatue —=—=SSSS*?SCig =| ~SSCSCSCR OTS —C«dSC 
[Power Dissipation _—=S=S~SC~*d =| ST SCdYCw 
[Shor Gircut OutpotGurent =e | SSCSSSC~*dC 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


2 aE ee ae 
Supply Voltage 


Input High Voltage 
Input Low Voltage 


*1 >: Voc+1.3V at pulse width < 15ns aie width is measured at Vcc) 
*2: -1.3V at pulse width < 15ns (pulse width is measured at Vss) 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


: 
Input Leakage Current (Any input O0<Vin<Vcc+0.3V, 
all other pins not under test=0 volt.) 
Output Leakage Current isi: 
(Data out is disabled, OV<VoutT<Vcc) 0 
Output High Voltage Level(loh=-2mA) 
Output Low Voltage Level(lo.=2mA) a 


ELECTRONICS 


, . Target 
KM432V502, KM432V522 CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


. “KMagevec 


-7 80 140 mA 
Don't care -8 70 130 mA 


ent eae care F oartoae care 


\ -7 
| 


Don't care -7 
-8 


Don't care -7 140 Li 
-8 130 


Icc1* : Operating Current (RAS »XCAS ,Address cycling @tRC=min) 
Icce : Standby Current (RAS=XCAS=W=Vu ) 
Icca* : RAS-Only Refresh Current (KCAS=Vin, RAS ,Address cycling @tRC=min.) 
Icca* : Fast Page Mode Current (RAS=Vit, XCAS, Address cycling @tPC=min.) 
Iccs : Standby Current (RAS=XCAS=W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, XCAS= 0.2V, 
Din = Don't care, Extended Trc= 32.3us(4K)/125ys(1K), Tras=TRasmin~200 ns 
Iccs : Self Refresh Current 
RAS=XCAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, 
DQO ~ DQ31= Vcc-0.2V, 0.2V or Open 


*NOTE:  Icct1, Icca, Ilcc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icca, 
and Icce, address can be changed maximum once while RAS=Vi. In Iicca, address can be 
changed maximum once within one fast page mode cycle time tPC. 


ELECTRONICS 


KM432V502, KM432V522 


Target 
CMOS DRAM 


Parameter 
Input capacitance [AO - A11 
Input capacitance [RAS, XCAS, W, OE] 
Output Capacitance [DQO - DQ31] 


CAPACITANCE(Ta=25°C, Vec= 3.3V, f=1MHz) 


AC CHARACTERISTICS (0°CsTas70°C, See note 2) 


Parameter 
Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
CAS to output in Low-Z 
Output buffer turn-off delay 
Transition time (rise and fall) 
RAS precharge time 
RAS pulse width 
RAS hold time 
CAS hold time 
CAS pulse width 
RAS to CAS delay time 
RAS to column address delay time 
CAS to RAS precharge time 
Row address set-up time 
Row address hold time 
Column address set-up time 
Column address hold time 
Column address to RAS lead time 
Read command set-up time 
Read command hold time referenced to CAS 
Read command hold time referenced to RAS 
Write command set-up time 
Write command hold time 
Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 


Test condition : Vec=3.3V+0.3V, Vin/Vii =2. 


2/0.8V, Voh/Voi =2.0/0.8V, Output Loading CL = 50pF 


’ 
a | 


| Min | Max _| 
awe [ves [| =| 
a A 
TAA - aan ee 40 ns | 3,10 
oz [8 
a 
iRAS 
tCAS 10K 20 10K 
tRCD 50 20 60 | ns | 4 | 
35 | 15 | 40 | ns | 10 | 
ow fs [fs | 
wer [oe [fo | >| 
ie (ET 


mal 
wv 
> 
- 
A 
a 
: 
ro) 


IRCS To [fe 
Wes ee 


— 
a 


= 
a 

3 

(77) 


=) 
n 


No 
o 


Uv 
st —_ 


20 


ELECTRONICS 
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nae Target 
KM432V502, KM432V522 _ CMOS DRAM 


AC CUPRA CTERISTICS seat 


Parameter 


fee 
i la eC 
Datahoidtime Tt Ts 8 


cave Waewyine ew a 
BAS toWdelaytime ~*~ Pw) | 
Column address to Welaytime —~| two =| eo | it es | rs 
CAS precharge toWdelaytime ——~—+(| pwo | es || 70 | | = | | 
CAS set-up time (CAS-before-RAS refresh) } tcsR [| 5 | | 5 | | nm] | 
CAS hold time (CAS-before-RAS refresh) | tcHR | 10 | | 10 | [ons | | 


RAS to CAS precharge time ae (a a ee a ee ee 
CAS precharge time(CBR counter test cycle) | tcper | 25 | | 30 | |ons {|_| 
Access time from CAS precharge | tcpA | | ao |] 4 | os | 
Fast Page mode oycle time pa = a6 NG cas 0 de 


Fast Page mode read-modify-write cycle time | tprwc | 95 | | 100 | =| vas | | 
CAS precharge time (Fast page cycle) tCP | to | | tw | |r |] | 
RAS pulse width (Fast page cycle) | trasp_| 70 | 200K| 80 | 200K| ns | | 
RAS hold time from CAS precharge | taHcp | 4o | | 45 | | on {| | 
OE accesstime | tA || || ts | 
OEtodatadelay | teD | oo | | to | s | 
Out put buffer turn off delay time from OE | to—z | o | 20] oO | 2 | ns | | 
OE commandholdtime | EH | 20 | | to | ts | 
RAS pulse width(C-B-R self refresh) 10 |) =~ | too |) cus | ta 
RAS precharge time (C-B-R self refresh) | tRPS | 130 | | ts0 | ons | st 


CAS hold time (C-B-R self refresh) tCHS 10 | | -50 ns | 18 
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ELECTRONICS 


Target 
KM432V502, KM432V522 CMOS DRAM 


NOTES 

1. An initial pause of 200s is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. Vin(min) and Vi(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vi(min) and Vi_(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 50pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2> tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2= tRWD(min) and tAWD2> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 


KM432V50(2)2 Truth Table 


Pepa[w[e[a[e[ coor] ne | we | 2 [ejenend 
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en 
(epee ee Pot we [me [we [00007 fav eae | 
ee 
Fe 
er 
re 
Oe 
peepee eT Pa oem [pan [oon | oon leven 
mpere pepe dete we [oe [oe oe 


ELECTRONICS 


| Target 
KM432V502, KM432V522 CMOS DRAM 


10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

11. tASC, tCAH are referenced to the earlier CAS falling edge. 

12. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

13. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

14. tCWL is specified from W falling edge to the earlier CAS rising edge. 

15. tCSR is referenced to earlier CAS falling low before RAS transition low. 

16. tCHR is referenced to the later CAS rising high after RAS transition low. 

17. tDS, tDH is independently specified for 1st byte Din(O~7), 2nd byte Din(8~15), 3rd byte Din(16~23), 

4th byte Din(24~31). , 

18. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, 

in order to meet refresh specification(L-version). 


AMSUN Gd < 244 
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, Target 
KM432V504, KM432V524 CMOS DRAM 


512Kx 32Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 524,288 x32 bit Extended Data Out CMOS DRAMs. Extended Data Out mode offers high 
speed random access of memory cells within the same row, so called Hyper Page Mode. Refresh cycle 
(1K Ref. or 4K Ref.), access time ( -7 or -8), power consumption(Normal or Low power ) are optional 
features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in Low power version. 

This 512Kx32 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS 
process to realize high band-width, low power consumption and high reliability. 


FEATURES ¢ Extended Data Out mode operation 

¢ Part Identification (Fast Page mode with Extended Data Out) 
- KM432V504/-L (3.3V, 4K Ref.) * 4CAS Byte/Word Read/Write operation 
~ KM432V524/-L (3.3V, 1K Ref.) * CAS-before-RAS refresh capability 


¢ RAS-only and Hidden refresh capability 
* Self-refresh capability(L-ver only) 


SERS ¢ Early Write or output enable controlled write 
Active Power Dissipation : 
nies Sas aoy a manne 
a ee es 


288 ¢ Single +3.3V+0.3V power supply 


* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part Refresh} fal 
NO. cycle | Normal | 


RAS Vec 

CASO Control 

te Vss 
V504 64m | iogme | CS] Cit mee = 


[vse [itn 


Data in 
Buffer 


Lower 


Refresh Timer 


CF Data out 
2 Butter 
: 
¢ Performance range: Memory AULSY Vig OE 
sti ca 
Speed| tRac | tCAC tHPC Gate ls pais 
zons | 130ns no-a11 Sow hares Bi 5 || motels” 
AO ~A6 ‘Col. Address Buffer Column Decoder Butt 
(AO ~A8)"1 on 


Note) *1 : 1K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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ELECTRONICS 


: Target 
KM432V504, KM432V524 CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM432V50(2)4T ¢ KM432V50(2)4R 
Vec lo vss vss 1 
DQO 2 DQ31 DQ31 2 
DQ1 3 DQ30 DQ30 3 
paz 44 paz9 Daz9 4 
pas 45 Da28 Da28 5 
Vee 6 Vss vss 6 
pa4 G7. DQ27 DQ27 7 
pas 48 Daze Da26 8 
pas Go DQ25 Da2s 9 
DQ7 10 — pa24 DQ24 
N.C 11 N.C N.C 
Vee 12 Vss vss 
Des 413 DQ23 , DQ23 
pag 4 14 DQ22 , DQ22 
pa10 W 15 Da21 pa2t 
pati 16 pa20 DaQ2z0 
Vec O17 VSS VSS 
DQi2 0 18 -paig DQ19 
Dai3 O19 pais DQ18 
Da14 O20 DQ17 DQi7 
pais 21 pai6e DQ16 
N.C N.C N.C 
N.C CASO CASO 
N.C CAS1 CAS1 
N.C CAS2 CAS2 
N.C CAS3 CAS3 
RAS Ww Ww 
AO OE OE 
At N.C N.C 
A2 A11(N.C) Ai1(N.C) 
A3 A10(N.C) A10(N.C) 
a AB A8 
Vec vss NES 


* (N.C) : 1K Ref. Product 


4th Byte Column Address Strobe 


Read/Write Input 
|OE —_{ Data Outputs Enable 


Vv Power(+3.3V) ; 


ELECTRONICS 


| | Target 
KM432V504, KM432V524 CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


0.5 to Vcc+0.5V 


= -55 to +150 
[el eee ee ee 
a eee eee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (voteges referenced to Vss, Ta= 0 to 70 2) 


Parameter __ a ome | : 
SECT AR 
Gen. ad MeO gp ee 
| _InputHigh Votage | Vw | 22 | cv! | 
input Low Vottage | ve (| oa®~—=f SS SdYSitS 


*41 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2: - 1.3V at pulse width < 15ns (pulse width is measured at Vss) 


DC AND OFEnSUNS cHenncrenue> Vasscallallls slain conditions unless oinenwise noted. 2) 


Parameter. eS og SoM Zt 
rr ican Current (Any Apel OsVin<Vcc+0. 3V, le) aie 
all other pins not under test=0 volt.) 
Output Leakage Current dic 5 
ai aeeeesaie out is disabled, OV<VoutsVcc) v0 
| Output High Voltage Level(lon=-2mA) High Voltage Level(loh=-2mA) 


ee ee are 


ELECTRONICS 


Target 
KM432V504, KM432V524 CMOS DRAM 


DC AND OPERATING SE AGRSTEn MICS (Continued) 


KMA32V508 a KMAaeVE24 : 


eee 7 80 140 
Don't care -8 70 130 
: 


mA 
mA 


Don't care 


Don't care -7 
-8 
: 


Don't care 


icc1* : Operating Current ees XCAS ,Address cycling @tRC=min.) 
Icce : Standby Current (RAS=XCAS=W=Vu ) 
Icca* : RAS-Only Refresh Current (KCAS=Vin, RAS ,Address cycling @tRC=min.) 
Icca* : Hyper Page Mode Current (RAS=ViL, XCAS, Address cycling @tHPC=min.) 
Iccs : Standby Current (RAS=XCAS=W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, XCAS=0.2V,- 
Din = Don't care, Extended Trc= 32.38(4K)/125s(1K), Tras=TRasmin~200 ns 
Iccs : Self Refresh Current 
RAS=XCAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, 
DQO ~ DQ31= Vcc-0.2V, 0.2V or Open 


*NOTE:  Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, -Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 

changed maximum once within one Hyper page mode cycle time tHPC. 


PSamsungg 7 “gs |. BAB 
ELECTRONICS dg 


Target 
KM432V504, KM432V524 . CMOS DRAM 


CAPACITANCE(Ta=25°C, 3.3V, f=1MHz) 


Parameter _ 


Input capacitance [RAS, XCAS, W, OE] 
Output Capacitance [DQ0 - DQ31] 


AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 
Test condition : Vcc=3.3V+40.3V, Vih/Vi =2.2/0.8V, Voh/Vol =2.0/0.8V 


Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 
Access time from CAS 


Access time from column address Ie gees 
CAS to output in Low-Z 
OE to output in Low-Z tOLZ 
Output buffer turn-off delay from CAS tCEZ 
Transition time (rise and fall) 
RAS precharge time } tRP | = 50 | 


RAS pulse width tRAS 10K eee 
FAS hold time firsH_ | 20 | | a | | is | 
CAS pulse width ricas | ts | wok [20 | TOK [ms] 
RAS to CAS delay time 50 | 20 | 6 | ns] 4 | 
RAS to column address delay time Hae #9} |_| 
CAS to RAS precharge time }tcrP | 5 [| =| os pons || 
Row address set-up time [ASR cb 0 Tec Nh on nee a) 
Row address hold time | tRAH | 
Column address set-up time | tasc_ | 


tg alee 

Column address hold time pcan | 8 | ts ne | 14 
Column address to RAS lead time ;trae | sl] go Cid ts [| 
Read command set-up time ce a ee a ae ee 
Read command hoid time referenced to CAS | tRCH | oF | fl Ts | 8 
Read command hold time referenced to RAS PtrRH_ | oF |] ll Tl ts | i 
Write command set-up time | wes | oo | 

pete 


Write command hold time tWCH | 45 | 


Write command pulse width tWP 


Write command to RAS lead time 


ELECTRONICS 


Lear Target 
KM432V504, KM432V524 7 ______ CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Ca tp 
a} pe 


Parameter 


Write command to CAS 


a ao ER Se 
Refresh perod(L ver mer [| ee | | 6 [mo] | 
CAS toW delaytime rows | a | | |__| rs | 716 
FAS to W delay time rawo |e _ |_| oa | _[e | 7 
Column address to W delay time ftawD | so | | 6 | — [ns [ 7 | 
CAS precharge to W delay time _——+(ropwo| ea | | 9 | [m= 
CAS set-up time (CAS-before-RAS refresh) icsR | 5 | | 5 | [ns | 48 | 
[EAS hold tine (CAS-before-RAS retesh) [CHR | 10 |_| 10 |_| ns | 10 | 
RAS to CAS precharge time _|wrpc [ os | | 5 | ts | 
CAS precharge tme(CBR countertestaycley [rcpt | 26 | | 0 | [ns |_| 
JAccesstime from CAS precharge (tCPA | | 40 | S| vs | | 
Hyper Pagemodecycletime [HPC | 30 | S| 88] ns | 11 | 
[Hyper Page mode read-modify-write cycletime| tHPRWG 71 | | et | ns | 11 | 
CAS precharge time Hyper page cycle) [tcp | 10 | | to] ns | 45 | 
[RAS pulse width (Hyperpage cycle) | tRASP | 70 | 200K | 80 | 200K | ns | 
FAS holdtime tromCAS precharge | tRHCP | 40 | || ins | 
(OE accesstime CEA | | | | rs | 8 | 
[OE todatadelay = tED | 20 | | | ts | 
[Out put buffer tum off delay timetromOE |toez_| 3 | 20 | 3 | 20 [ns | 6 | 
[CE commandholdtime tH | 20 | | | ns | 
Output dataholdtime sf tDOH | os | | Ts | 
Output buffer turn off delay from RAS pez | 3 | 20 | 3 | 2 [ns J6t3 
Output buffer turn off delay from W. lwez | 3 | 2 | 3 | 2 |ns]{ 6_ 
Wtodatadelay Ss ftw | oo | | | ts | 
Eto TAS holdtime ss tOCH | 5 | [ne {| 
CASholdtimetoOE—tcHO | 
OE prechargetime OEP | 
Wpulsewicth tw | 

| 100_| 

| 130 

| -50__| 


= 


BAS pulse width(C-B-R self refresh) tRASS. 
RAS precharge time (C-B-R self refresh) /tRPS | 
CAS hold time (C-B-F self refresh) _ 


_. 260 


ELECTRONICS 


Target 
KM432V504, KM432V524 | CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vi(min) and Vit(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 50pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). . 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VoH or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycie is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


KM432V50(2)4 Truth Table 


sas oA ORSA[ER] w [BE] boo bar [baw_ oars [paws bandon basi] sme 
tafe epee [xp we [me [we |e (raat | 
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FIFCTRONICS 


| Target 
KM432V504, KM432V524 CMOS DRAM 


11. tASC2 7.0ns, Assume tT = 2.0 ns 

12. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, 
in order to meet refresh specification(L-version). 

13. If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. tCWL is specified from W falling edge to the earlier CAS rising edge. 


CASxX 
CASx 


oO xy? : SSC "ee% v, "5 
ADD. <2 KX werere' © 


18. tCSR is referenced to earlier CAS falling low before RAS transition low. 
19. tCHR is referenced to the later CAS rising high after RAS transition low. 


tCSR tCHR 


ELECTRONICS 


64M DRAM 


KM48V8000 
KM48V8100 
KM44V16000 
KM44V16100 
KM48V8000A 
KM48V8100A 
KM44V16000A 
KM44V16100A 


PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycie(4K Ref. or 8K Ref.), access time(-5, -6, 
or-7) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 8Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 


realize high band-width, low power consumption and high reliability. 


FEATURES ¢ Fast Page Mode operation 

e Part Identification ¢ CAS-before-RAS refresh capability 
- KM48V8000 (3.3V, 8K Ref.) ¢ RAS-only and Hidden refresh capability 
- KM48V8100 (3.3V, 4K Ref.) * Fast parallel test mode capability 


¢ LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 


* Active Power Dissipation Unit : mw * JEDEC Standard pinout 
¢ Available in Plastic SOJ package 
* +3.3V+0.3V power supply 
Mrigee) cycler FUNCTIONAL BLOCK DIAGRAM > 


Part Refresh f 
Refresh period 

v8000 

V8100 


RAS 
CAS 


Refresh Timer 
, 
Refresh Control 
Refresh Counter 
AO ~A12 TS lRow Address Buffer 


° po vounants range: 


eer Sone [ate Tete 1 sone] 
[6 | 60ns | tEns | 110ns [40s 


Memory Array 
8,388,608 x 8 
Cells 


(AO ~A11)*1 Data out 
(AO ~A10)*1 


Note) *1 : 4K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


| - PRELIMINARY 
KM48Vv8000, KM48V8100 CMOS DRAM 


PIN CONFIGURATION (Top Views) 


° KM48V80(1)00J 


° 
< 
” 
o 


1 
2 
3 
4 
5 
6 
7 
8 
9 


N.C 
A12(N.C) 
Ait 


*(): N.C for 4K Refresh product 


Vss 
| RAS | RowAddress Strobe 
|W | ReadWriteInput 
| OE | DataOutputsEnable 
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ELECTRONICS 


PRELIMINARY 
KM48V8000, KM48V8100 | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss 
Pagosa eee va [Ve as eae 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS” are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 ©) 


- Parameter 


~ Supply Voltage 


Input High Voltage 
Input Low Voltage 


*1 : Vcc+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss) 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


_ Parameter 


Input eae Current (Any input 0<Vin<sVcc+0.3V, 
all other pins not under test=0 volt.) 


3 | se | 

Output Leakage Current ea 

(Data out is disabled, OV<Vour<Vec) y) ws 

Output High Voltage Level(lon=-2mA) ee a a a 
Output Low Voltage Level(lo.=2mA) Be ares 


ELECTRONICS 


PRELIMINARY - 
KM48V8s000, KM48V8100 | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


-5 
-6 


-7 


lcc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS=CAS=W=Vim ) 

Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.) 
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 


*NOTE :  Icct, Icc3, lcc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 


PSAMsuNGd | ot 


ELECTRONICS 


PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc= 3.3V, f=1MHz) 


- Parameter 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO - DQ7] 


AC CHARACTERISTICS (0°C<Tas<70°C, See note 2) 
’ Test condition : Vec=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 


Randomreadorwrite cycletime | t@c__—| 90 | | tof | ago] ns 
Read-modify-wrie cycletime | two | 133 | | ts5| | 185] | ns 

ac | | s0| | eo} | 70] ns | 34,10 
AccesstimeftomcaS tac, | | 3 | | 8 | | ao] ns | 345 
[Access time from column address | tsa || 5 || go | | 3,10 
TAS tooutputintowz st tcuz | o | fo | fo | | ls | 
Output buffer turn-off delay jworF | of is] ols] o | al] ns] 6 
[Transition time (ise anda) ss | tT | 3 | 60 | 3 | 60] 3 | so] ns | 2 
[RAS prechargetime ssf te | go] | ao | | so | ns | 

22 1K 7 

13 heal 

13 10K | ns 
15 | 25 | 15 | 90 | 15 
Flow address setuptime sf tas =| oO | | oo || | 
[low addresshoidtime | tra | to | | 10 
Column address set-up time frsc | of [of | o| 


Column address hold time 


Parameter 


ns 10 


wk 
oO 


=) 
no 


J 
> 
=r 
ao |;oO 


: 
oOo 
Ww 
: 


Column address to RAS lead time tRAL 
Read command set-up time tRCS 


Fy ee ee ee 
Read command hold time referenced to CAS | tRCH fi S0les AlN lee ol | fons | 8 

a rs 

| 10 | | | 

| 40 | 


Read command hold time referenced to RAS | tRRH 
Write command hold time tWCH 
Write command hold time referenced to RAS | tWCR 


Write command pulse width 
Write command to RAS lead time Fiawe | 15] 
Write command to CAS lead time tCWL gets Sigel. — eOcke. [lange | 
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FI FeTRANICS 


PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, See note 2) © 


Parameter 


7 


RAS toWdelaytime two | 73 | | as | | soo | Tons | 7 | 
Counties wile foo [a [fos [fos [Pre fr 
CAS prechargetoWdelaytime _——_—|tcpwo | 53 | | 60 | | 70 | | ns | 
Eos ro HE Ste RS eee oon lao 


csS magne fesioo)__|cP— 

FAAS pulse width (Fast page cycle) |RASP_| 50 | 200K| 60 _| 200K - 7o_suat re__ 
BAS hold time from TAS precharge [RHP | 30 | | a5 | | 40 | | ns 

DE accesstime tA || i | ts | | 0 | ons | 
OEtodaadelay ftom sf ig | fl ts | | off ns | 
urpu puter unofidesytimetomO£ HOe2 of 12___+_18 }_0_z0}_ps_} 19 
pia | fe | 


= TT 


10 | 
tweaH | to | | 1} | wo] | 


an a “° 


PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


TEST MODE CYCLE 
(Note. 12) 


Parameter Symbol aaa | wk Fase Twi oT Units 
Random read orwrite cycletime | RC | 95 | ts | | was] | ons | 
RRead-odiy-wiie oiotime _—~(wrwe | 108 | [160 | [100] [| ms | 
AccesstimefromRAS | tRAC | | os | | os | | 5 | ns | 34,10 | 
Access time tiom CAS ——~—~SC~ eC] «Pt | | ao | | os | ns | oe 
Access ime fom column adaress aa | | a0 | as | | ao | ms | a0 | 
RAS pulsewidth | RAS | 55 | 10K] 65 | 10K | 75 | 10K] ns | 
CRS puse wth —*id eS | 18 | 10K | 20 | 10K | 2s Po | ns | 
RASholdtime st tSH | 18] | ao || os || ns | 
cAShodtne ___———SSC*d toss | os |] | ns | 
Coun address toRASTeadtme [wat | 20] [as || ao [| we) 
cast Wdeaytime ——~SC~id av || as | [os | | ne | 
RAStoW dolaytime ~~~ WD | 7e| | oo | | 405 | ve | 7 
[Colunn adaresstoW delaytimno [awd | sa | [60 | [| 70] | w | 7 
FastPagemodecycietme [wo | ot [as] [so] [m= |_| 
Fast page mode read-moaly-wrte cyletime| 1PRWG| 61 | | oo | [10s] [ns |_| 
FIRS pulse wiah (Fast page cycle) | wRASP | 65 | 600K) os [200k] 75 [200k] ns |_| 
Access time form TAS precharge [tora || a5 | | ao | | as [ns | 3 
OE accesstime EA | | te | | eo | | os | os | 
OEtedatadeay ——SC~—s ED |W ||P Pd 
[OE commandholdtime SL tOEH | 18 | | 20 | | as || os | 


an ° 
ELECTRONICS 


as Us 3 | PRELIMINARY 
KM48V8000, KM48V8100 _. CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). | 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD2 tAWD (min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 
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ELECTRONICS 


PRELIMINARY 
KM44V 16000, KM44V16100 CMOS DRAM 


16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7) are optional features of this family. 

-All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 16Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 


realize high band-width, low power consumption and high reliability. 


FEATURES ¢ Fast Page Mode operation 

* Part Identification ¢ CAS-before-RAS refresh capability 
- KM44V16000 (3.3V, 8K Ref.) ¢ RAS-only and Hidden refresh capability 
- KM44V16100 (3.3V, 4K Ref.) * Fast parallel test mode capability 


¢ LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 


* Active Power Dissipation Unit : mw e JEDEC Standard pinout 
¢ Available in Plastic SOJ package 
¢ +3.3V+0.3V power supply 
PHeleenicyeles FUNCTIONAL BLOCK DIAGRAM 


Refresh period 
cycle 


128ms 
64ms 


RAS 
CAS 


Vcc 
Vss 
VBB Generator 


tT 


Control 
Clocks 


Refresh Timer 
Sra. 
Refresh Control 
Refresh Counter 
AO ~A12 TS lRow Address Buffer 


° Performance range: 


rons | tans | 90ns | 3éns 


eT Bone | esos [08 


DQo 
to 
DQ3 


Memory Array 
16,777,216 x4 
Cells — 


70ns eos pe00s sical AO ~A10. Col. Address Buffer Column Decoder Buffer OE 
(AO ~A11)*1 


Note) *1 : 4K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 


a aie PRELIMINARY 
KM44V 16000, KM44V16100 _CMOS DRAM 


PIN CONFIGURATION (Top Views) 


°¢ KM44V160(1)00J 


N.C 
A12(N.C) 
Ai1 

A10 

AQ 

A8 

A7 

A6 

Vss 


*(): N.C for 4K Refresh product 


|PinName| PinFunction 
AQ -A12 | Address Inputs(8K Product 


Data In/Out 


| RAS | Row Address Strobe 

|W | ReadMWrite Input 

| OE _—|_DataOutputsEnable 
. 


ELECTRONICS 


a PRELIMINARY 
KM44V16000, KM44V16100 | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss -0.5 to +4.6 


-0.5 to +4.6 
-55 to +150 


Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Min © Typ Max” Unit 
3.6 


ee ee 


*1 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss) 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


: Parameter 


Input Leakage Current (Any input Revere | it) yA 
all other pins not under test=0 volt.) 
Ear 


Output Leakage Current 
(Data out is disabled, OV<VoutsVcc) 


Output High Voltage Level(loH=-2mA) Vv 
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ELECTRONICS 


| PRELIMINARY 
KM44V 16000, KM44V16100 © CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Icc2 Don't care 
Iccs 


Iccs Don't care 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 

Icce : Standby Current (RAS=CAS=W=Vu ) 

Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (RAS=Vit, CAS, Address cycling @tPC=min.) 
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 


* NOTE:  Icc1, Iccs, [cca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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ELECTRONICS 


PRELIMINARY 
KM44V16000, KM44V16100 | CMOS DRAM 


CAPACTANCE Vec= 3.3V, f=1MHz) 


Parameter 


AC CHARACTERISTICS (0°Cs<Tas70°C, See note 2) 
Test condition : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 


Ss Aas Seen 


Random readoromecydeume [wo {eo | [vol Taal [| 
eee coe oa eee 
‘Accesstime tomF@S ——SS~S~iw RCS wo | eo] | 0] me | ama, 
[Access ime trom CAS ——~SCSCS~C~wr ATSC ts | ts | | 20 | re | a 
cs foncamnatiees wa [Passo as re [80 
CAS to ouput Low? raz [ef [ol fol [m |. 
[Output bufertunvoffdsly ———~—«dtorF | o fas] of is] 0] | ms | 6 | 
Transition time (ise andial) [7 | 3[ so] s[so[3|s0| m= | 2 
HA rashes rap [a [|] [sol [mm] | 
[BAS pulse widh (RAS | 50 [70k | 60 [0K | 70 | vox] ne | 
eAShodtime ———SC~is SH a] | fo] | oe | 
[CASholdiime SSH | gO] wo] | | | re | 
[ERS pulse widh ~~~ tas | 13 | ok | 15 | 10K | 20 | vox] ne | 
ARS to CES delay te Fined [20 | a7 | 20 | «5 | 20 | so | ns | 

[RAS io corm aderess delay tine | tRAD | 15 | 25 | 15 | 90 | 15] 35 | ns | 10 
IEASIRAS prochagotime ____[orP_[ 5] [s{ [5s] | =|. 
(piaswensastiptne = wens (oo) ooo | ee 
[Row adarees hodine [ran [a0[ [10] [10] | | 
Comisaieinaecipting Tse Ie pote 


Column address hold time 


Ceepeerryet Cre err cece al 
[Write commandholdtime sss tWCH | to | =| 15] | is | | ons || 
|Write command hold time referencedtoRAS| twon | 4o| | s50| | s5| | ns | ‘| 
‘te some plse it —_ue gg} ag ne 
[WritecommandtoRASleadtime ss | tawe =| 15 | =| 1s | | co | S| sons | 
Wite commandio@ASteadime [rom [ast [rs] |] [~ | 


ELECTRONICS 


PRELIMINARY 
KM44V 16000, KM44V16100 CMOS DRAM 


AC CHARACTERISTICS gee See note se 


ine es 


Data noid time relerencedioRAS [iH | 40 |_| so 
Retreshperoaa) SSCs |e] | ep me | 
Rettesh perod(ex) ———~—S~smer |v | | ee | pee | me | 
Write conmandsetuptine —iwes [ot [o| [ol] [~|7 | 
CASI Wdelaytime _—~SC~*~*~wr | ww | | wo | 


Column adeno to Wdeuy ine Jao [ae [fs [ [os | [7 
CAS prechargetoWdelaytime = [tcpwo | 63 | | 60 | | 7o| | ns | | 
CAS satup tne CASaelre AS wea) fesa [0 || | [| |» | 
CAS hold time (CAS-before-RAS refresh) |tcHR | 10 | | to | | 15 | | ns | 
RAS to CAS prechargetime ss (tRPC | 5 | | 5 | | 5s | | ons | 
CAS precharge time(CBR countertest cycie)|tcPT_ | 20 | | 20 | | ao | | ns | | 


Fast Page mode cycle time tPC | 35 | fas | | ns | 
Fast Page mode read-modity-wrte cycle timgtPRWC | 76 | | 85 | | roo] | ns | | 
CAS precharge time (Fastpage cycle) _|tcp__| 10 | _{| to | {wo | [ons | | 

i irasp_| 0 |200K| 60 | 200K| 70 [2ook| ns | 


Sete 
Out put butter tun off delay time fromOE |10ez_ | o | 13 | 0 | 15 | o | 20 | ns | 13 | 
OE commandhoidtime Ss tOEH | 13 | | ts | | ao | | os | 
Write command set-up time(Test mode in) |twrs | to | | to | | wo | {ons | a _ | 
Write command hold time(Test mode in) [twrH_ | to | | 10 | | to | | ons | ot 
Wto RAS precharge time(C-B-Arefresh) [twaP | 10 | | to | | to | | ns | | 
WtoRASholdtimeC-B-F refresh) |twAH | 10 | | 10 | | to | | ons | 
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ELECTRONICS 


PRELIMINARY 
KM44V16000, KM44V16100 CMOS DRAM 


TEST MODE CYCLE 
(Note. 12) 


po es oe Re 
wie 
p15 | | 135 | 


Fandom read orwrie yaetine “PAC | 85 
rr od 


ecesstime from FAS _———=SCSCSC~*id RAS || | fw || | me | Bao] 
ccesstimetromAS__———~S~=s GA |= | fo | | as | ne | aa 
Access ime rom coumnaaaress [wa |_| | | a] | a0 | ms | ano | 
RAS pulsewidth ~~~ RAS | 65 | v0K| @5 | vox | 78 | 10K] ms | 
TAS pulse width ———~—S~S~w GAS | VW | TOK] 20 | toK | 25 | 10K | me | 
Gn SO 
CAStodime __———————~ijwsH ‘| ss fos} [| | me | 
(Column adsress to RAS teadime [wma | 0] | as] | 40] | me | 
CAS toWeelaytime _——S—~i tow Pi | fs |p os | | me | 
RAS toWdelaytime [two | 7a {| 00 | | s0s| | ne | 7 
(Column aderess to Waelytme | wo | sa || eo] [70] | m= | 7 _| 
Fast Page mode cycletme __———~‘ftc | | | 4s [so] | ne | 
Fast page mode read-modify- wre eycletima| tPRWO| 61 | | 00 | | 105{ | ns |_| 
AS pulse width Fast page oyele) ___| mas | 55 | 200K] 5 |a00K| 75 |2oox| ne |_| 
Access ime form CHS precharge [tora | | o5| | «0 | | a5 | ns | 3 
Bixemte fess {Pat fon [tet | 
OF to data delay re [at [al [me] | 
eee eee ee 
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ELECTRONICS 


PRELIMINARY 


KM44V 16000, KM44V16100 | CMOS DRAM 


NOTES 


1. 


13. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 5ns for ail inputs. 
Measured with a load equivalent to 1 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD> tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. . 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWDz2tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. , 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 


In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 
tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 


ELECTRONICS 


TARGET 
KM48V8000A, KM48V8100A CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-II) 
are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in self-refresh version. 

This 8Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES * Fast Page Mode operation 
¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM48V8000A/A-L(3.3V, 8K Ref.) ¢ RAS only and Hidden refresh capability 


~ KM48V8100A/A-L(3.3V, 4K Ref.) * Self-refresh capability(L-ver only) 


¢ Fast parallel test mode capability 
Unit : mW ¢ LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 
¢ JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOPi(II) packages 
¢ +3.3V+0.3V power supply 


* Active Power Dissipation 


¢ Refresh cycles 


Refresh 


NO. cycle Normal eo eae 
ss FUNCTIONAL BLOCK DIAGRAM 


* Access mode & RAS only refresh mode a Control ss 
: 8K cycle/64ms W Clocks VBB Generator 
CAS-before-RAS & Hidden refresh mode 
: 4K cycle/64ms 


Refresh Timer 
a, 
Refresh Control 
Refresh Counter 
AO ~A12 Te iRow Address Buffer 
(AO ~A11)*1 
(Col. Address Buffer 


AO ~AQ 
Note) *1 : 4K Refresh 


¢ Performance range: a“ 
[5 _[80ns | 13ns_[~90ns [ 36ns_| 
(<6 | 60ns [Tens | F10ns | 40ns | 
(7 Tons [20ns | 130s | 46ns | 


DQO 
to 
DQ7 


Memory Array 
8,388,608 x 8 
Cells 


= 


Sense Amps & IO 
w 


Column Decoder Buffer OE 


(AQ ~A10)*1 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 


change products and specifications without notice. 4 


FL ErTeaniire : | 


| | | TARGET 
KM48V8000A, KM48V8100A _ CMOS DRA 


PIN CONFIGURATION (Top Views) 


° KM48V80(1)00AJ ¢ KM48V80(1)00AT ¢ KM48V80(1)00AR 


OE . . OE 
oD A12(N.C) A12(N.C) Pe 
ro A11 A11 © “AO 


* (N.C): N.C for 4K Refresh product 


|PinName|'PinFunction 
Data In/Out 

Vss 
|W | ReadMWriteInput 
| OE | _DataOutputsEnable i 


ELECTRONICS 


| TARGET 
KM48V8000A, KM48V8100A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Shor Grcut Output Curent a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. . 


pply Vol 
Ground 

input High Voiage | Vw | 20. ~«4| «Yeon. 

[_InputLow Voltage | ov =| 03? | wT 


*1 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2: -1.3V at pulse width < 15ns (pulse is measured at Vss) 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any input OSVinsVcc+0.3V, 
all other pins not under test=0 volt.) 


Output Leakage Current 

(Data out is disabled, OV<VoutsVcc) 
Output High Voltage Level(loH=-2mA) 
Output Low Voltage Level(lo.=2mA) 


ELECTRONICS 


| TARGET 
KM48V8000A, KM48V8100A CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Don't care 


Don't care 


60 
hl 500 
150 
Don't care 
130 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 

lec2 : Standby Current (RAS=CAS=W=Vu ) 

Iccs* : RAS-only Refresh Current (CAS=Vin, RAS ean @tRC=min.) 

Icca* : Fast Page Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.) 

Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0:2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
W, OE = VIH, Address = Don't care, DQ=Open, Trc= 62.5ys 
Tras=TrRasmin~300 ns 

Iccs_: Self Refresh Current 
RAS=CAS=0.2V, W=OE=A0 ~ A12(A11) = Vec-0.2V or 0.2V, DQO0 ~ DQ7= Vcc-0.2V, 0.2V or Open 


*NOTE:  Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 


ELECTRONICS 


| TARGET 
KM48V8000A, KM48V8100A CMOS DRAM 


hen cs rts naa Vec= 3.3V, f= ee 


‘Parameter 


AC CHARACTERISTICS (0°CsTas<70°C, See note 2) 
Test condition : Vec=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 


a Syme | in [Max [ns sae | 2 


Peaniedormeaseime Tao | wf, tm | 
[Read-modify-write cycletime | two [133 | [155] | tas] | ons | 
suas trations <== heme [|e] = Mice oe 
[AccesstimetromcaS tac, S| | 3 | fis || 20 | ns | 3.45 | 
Access time from column address lta | df os | | 30 | 38 | ons | 3,10 | 
CAS to output in Low-Z Foz [of [of [ol [|] 3 | 
Output buffer turn-off delay jtorr | o | 13] o | is { o | 20] ns | 613 | 
Transition time (rise and fall)  —_Ack cee 
[RAS prechargetime sf tw | go | | ao] | so] | ons | 
RAS pulse wiath tras | 50 | 10K| 60 | 10K] 70 | 10K] ns | | 
RAS hold time fash | i3{ | is | [ao] | ns | 
CAS hold time [tosh | so| | oo | | vo} | ms | | 
CAS pulse width tok} ns | | 
RAS to CAS delay time 20 | 37 | 20 | 45 | 20] so| ns | 4 | 
RAS to column address delay time 15 30 | 15|35| ns | 10 | 
CAS to RAS precharge time ee ee ee De 
Row address set-up time fuse | of jo} [ol | ms | 
Row address hold time jad | to] | wo} | of | ns | | 
Column address set-up time bwsc | o| [ol [olf [rs | | 
Column address hold time ficaH_ {| 1o| | 10] | is] | ns | | 
_ {Column address to RAS lead time ftran =| 25{ | 30] [a5] [on {| 

Read command set-up time_ [wes | of [olf [ol | ms] 
Read command hold time referenced to CAS ftacH | of | of | of | nn | 8 | 
Read command hold time referenced to RAS ftarRH_ =| of 6 6f co |lhChUdfl oo fl)hlUdT cs |. 
Write command hold time [wen | io | |i] |i] | ms | 
Write command pulse width [we | ol | wo] fas] | ne | 
Ce el ee a 
Write commandtoCASleadtime | coe | 13 || ts] | ao] | os | 


PSimsun sgl tage 


FLFCTRONICS 


TARGET 
KM48V8000A, KM48V8100A | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Delasctuptime «SO 
Datahoidtine ——SS~wO =| 
Raesh porod(@K, Nema) «IRE 
Faesh peod(@K, Normal) ____——~iIREF [|_| 
Retesh perod(Lver)———SSCSC*izRER 
Wite commandsetuptime_____[twes_| 0 
CAS t0Wdelaytime ————~—SC*iW | 
FAS to Wdelaytime _——~—~S=«*wW | 78 
Column address to Waelaytime AWD | 48 res | [ore | 
CAS precharge 1oW delay ime rcpwo | sa| | 60 || | | ms | 


CAS hodtine (CAS-before FAS reresn) [tcHR [10] || |i | | m= | 
FAS CHS prechargetme __—+irmpc’—*| 5 | | s | | s| [=| 
CAS procharge tme(CBF countertestoyieicPT [20 [| 2 | | | [= | 
Access tine tom CAS precharge [tPA | [| [=| || = | 3 
Fast Page mode cjcietime _———~iiec ~~ ws | | wo] | | | 
Fast Page mode read-modiy-wite cycle ima PAWS | 76 | [es | | 100] | ns | 

CAS precharge tine Fast page cycle) [tcP__[ 10 | || | 10] | = 
FES puso width Fast page cycie) _|tRASP_| 50 [200K] 60 [200K] 70 | 200K| ne 
RAS holdtime ftom CAS precharge [rrnoP | a0 | | a5] | ao | | os | 
CEaccessime —SsSSSC~=iOEASYSCd | fs] fl | 
OEtodata dey _————S—S~seD as | Ps] Po] fl | 
Output buer um off delay ime trom OE |toez | o |] o | | o | a | = | 
CEcommandholdime ~~ [is | [as] [ool] |= | | 
ite command set-up time(Test modein) [ws | 10 | [10 | | | | m= | 
Wits command hold tme(Test mode iny wth | 18 | [15 [ [15 || ne [14 _| 
WT to FAS precharge time(C-B-F retest) [wae | 10] [10 | | | | m | | 
WioFASholdimeC-2F rest) [wav | 10 | [10 | | 10] | n= | 
RAS puso wisth(C-BF settreresty _|rrass | 100] | 100 | 100] | we | a | 

ime RPS 


i 
CHS holdtime C-B-Fsefreest) ns | -so| | -so| | so] | m | | 


ELECTRONICS 


TARGET 


KM48V8000A, KM48V8100A CMOS DRAM 
TEST MODE CYCLE : 
(Note. 11) 
Parameter es yr : “Notes 


[in [a into | 
fnonrmdotnosewm ——Tre Peet fre te] 
Ee a 2 AD 
AccesstimefiomRAS ——=—S=«di RAG =| «| 8S | | 6 || 75 | ns [aaaoaal 
Access timetromcaS————SSSS« CAC | | te] | eo | | 8 | ns | 002 
Feces maton Te | eel a een 
FIRS pulse wih imas | 85 [%0K| es [toK| 75 | toK| ns |_| 
EAS pulse with ~~~ tS =| 8 | OK] 20 | 10K | 25 | 10K] ns | | 
FAShoidtime ——=S~S~S~SH =A] 0 || || | 
CAS hold tne res | os | fos | [7] || | 
Column address to. RAS lead time FtraL | 30] [35 | | 4o[ |ons{ | 
CRS to W delay time row [4 [4 | | ss] | ns | 7_ 
RAS to W delay time aawo | 7% { [oo | | to5| | ns | 7 | 
Column address toWdelaytime | tawo | 53 {| eo | [vo] | ns | 7 | 
Fast Page mode cycle time pwc | of fas | foot | | 
Fast page mode read-modify-write cycle time ftprnwc| 81] [90 [| |105/ [ns [| 
RAS pulse width (Fast page cycle) [trasp | 55 | 200K/ 65 |200K| 75 [200K] ns | 
Access time form CAS precharge frcpa | =| 35 [ ~=— | ao |) | as | ns | 3 
CE accesstime Sst tA | | 8 | fo || as | os | 
CEtodatadelay Sf teD | 2 | | ao | las | | ns | 
CE commandhodtime toe | te] fa] fe] fs 
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ELECTRONICS 


ie | TARGET 
KM48V8000A, KM48V8100A — ss (MOS _ DRAM 


NOTES 


! 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. . 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vi(max) and are assumed to be 5ns for ail inputs. 

3. Measured with a load equivalent to. 100pF and Voh = 2.0V(lout= -2mA), Vol =0.8V(lout = 2mA) 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

: 6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. : 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS = tWCS (min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD=> tCWD(min), 
tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read- modify -write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is. 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. . 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC, tOEA, and tCPA is delayed by 2ns to 5ns for 
the specified values. These parameters should be specified in test mode cycles by adding the above | 
value to the specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14. 8192(8K Ref.)/4096(4K Ref.) cycles of burst refresh must be executed within 64ms before and after 
self refresh, in order to meet refresh specification. 
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ELECTRONICS 


| TARGET 
KM44V16000A, KM44V16100A CMOS DRAM 


16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-lII) 
are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh Sap anmitics: Further 
more, Self-refresh operation is available in self-refresh version. 

This 16Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES * Fast Page Mode operation 
* Part Identification ¢ CAS-before-RAS refresh capability 
- KM44V16000A/A-L(3.3V, 8K Ref.) ¢ RAS only and Hidden refresh capability 


- KM44V16100A/A-L(3.3V, 4K Ref.) * Self-refresh capability(L-ver only) 


¢ Fast parallel test mode capability 
Unit : mw _ © LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controle: write 
¢ JEDEC Standard pinout 
e Available in Plastic SOJ and TSOP(II) packages 
¢ +3.3V+0.3V power supply 


¢ Active Power Dissipation 


Part | Refresh Faves period 
NO. | cycle | Noma [i | 


. FUNCTIONAL BLOCK DIAGRAM 


* Access mode & RAS only refresh mode 
: 8K cycle/64ms 
CAS-before-RAS & Hidden refresh mode 
: 4K cycle/64ms 


¢ Performance range: 


6 | 80ns | Féns_[TOns [ans 


DQo 
to 
DQ3 


Memory Array 
16,777,216 x4 
Cells 


OE 


Note) *1 : 4K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ea .. 


ELECTRONICS 


ss TARGET 
KM44V16000A, KM44V16100A ee CMOS DRAM 


PIN CONFIGURATION (Top Views) - 


¢ KM44V160(1)00AJ_ ¢ KM44V160(1)00AT * KM44V160(1)00AR 


° 
< 
” 
a 
< 
Q 
o 
i 
_ 
° 


OE * W im * * 
A12(N.C) RAS | PD A12(N.C) A12(N.C) (424 
A114 A010 A 


1 1 
2 2 
3 3 F 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 


* (N.C) : N.C for 4K Refresh product 


Pin Function __ 
|W | ReadWriteinput 


i soa i * 


Data Outputs Enable 
Power(+3.3V) 


c 
No Connection | 


ELECTRONICS 


| TARGET 
KM44V16000A, KM44V16100A | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


a 


Parameter =———(ss—s*t*s=*d:sSymiboll 2 
“Power Dissipation ———S—S—idtCi Pi 
sees 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


(Parameter | Symbol | Min | Typ | Max] Unit 
| Supply Voltage | Ve | 30 | 33 | 36 | v | 


Ground Vss 


Input High Voltage | Vm | 2.0 | ecw! | 
Input Low Voltage | Ww | 0@ TT 


*1 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2:-1.3V at pulse width < 15ns (pulse is measured at Vss) 


- 


< 


( 


all other pins not under test=0 volt.) 


Output Leakage Current 

(Data out is disabled, OV<VouT<Vcc) 
Output High Voltage Level(loH=-2mA) 
Output Low Voltage Level(lo.=2mA) 


ELECTRONICS 


| | | TARGET 
KM44V16000A, KM44V16100A | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


110 
Don't care pe a 
-7 
mA 


Don't care 


-7 
5 
Don't care 6 
-7 


Don't care 


| Dorit care | care 


Icc1* : Operating Current aS and CAS cycling @tRC=min.) 
Icce : Standby Current (RAS=CAS=W=Vn ) 
Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
_Icca* : Fast Page Mode Current (RAS=Vir, CAS, Address cycling @tPC=min.) 
ices : Standby Current (RAS=CAS=W=Vcc-0.2V) 
_lece* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vit)=0.2V, CAS=CAS- before-RAS ny or 0.2V 
W, OE = VIH, Address = Don't care, DQ = Open, Trc= 62.5ys 
Tras=Trasmin~300 ns 
Iccs : Self Refresh Current . : 
RAS=CAS=0.2V, W=OE=A0 ~ Ai2(A11) = Voc-0.2V or 0.2V, DQO ~ DQ3= Vec-0.2V, 0.2V or Open 


*NOTE : Icc1, Icc3, Iccs and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icca, 
and Icce, address can be changed maximum once while RAS=VI. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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ELECTRONICS 


| TARGET 
KM44V16000A,; KM44V16100A_ SSS SCCMOS DRAM 


CAPACITANCE (Ta=25°C, Vec= 3.3V, f=1MHz) 


Parameter 


Input Capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) 
Test condition : Vcc=3.3V+40.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 


-5 
Parameter Symbol in | Max a 


Random read or write cycle time fire =| 90 | sf tof 130 | | 
Read-modify-write cycle time . ;tRwc 4133; | 155] | 185] | 
Access time from RAS rnc | || |] | | ms | sao 
Access time from CAS reac | [v3] [us| | a] we | sas | 
Access time from column address pra =| df 2 | df 0 | | 8 | ons [3,10 | 
CAS to output in Low-Z pez Pop fet pet pes 
Pe ae ee ee 
Transition time (rise and fall) tT | 3 | 50] 3 |-50 | ines 
RAS precharge time - tRP {jot 50 | fons | 
RAS pulse width tRAS 10K | 60 | 10K| 70 | 10K] ns | 
FAAS hold ime pee) een oe 
CAS hos time sw | 50] [oo] ||} |=] | 
RAS to CAS delay time tRCD 
RAS to column address delay time tRAD 
CAS to RAS precharge time tCRP p2oe[ | ser i Bes it ee 
Row address set-up time tASR 0 |. | Of oo fs | ns 
ae 


Row address hold time tRAH Pio} fo to por ons 
Column address set-up time - tASC POM iO 2 Ged. i caies | 
Column address hold time {CAH} 40 |) fo) is, ons 
| Column address to RAS lead time : PtRAL | 25] =| 30] | 35] | sons | 
Read command set-up time tRCS of | of [o]. |] ns | 
Pe eel 


[ns 
Write command pulse width tWP a0 ie Wd = 16) mec 
Write command to RAS lead time tRWL. }is|. [is] | 2]. [ nm fo | 


ELECTRONICS 


; TARGET 
KM44V16000A, KM44V16100A 7 -__ CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Column eines to W aay Jaw [ae | [es [es 
CAS procharge W delay time —~[rcPwo | sa |_| «0 | || [= | 
CAS setup time (CAS-belowe RAS rofeah) [tcsR_[ vo [| |i | |] | | 
CAS hold ime (CAS-befowe RAS rofesh) [cue | 10 | | 0 | [8 [ | = |_| 
FAT OAS metapenne __jwre [s [ef Pet Pf 


Fest Page mode read-modiy-wrte citing wPRWC | 76 | | 5 | [10] | = |_| 
CAS precharge tine Fastpage ce) fer | 0 | | of | 10 | ws | 
‘Fassett ats sn) wae _[ eo [ancl wo [asc 70 [zoel ve [ 
RAS holdtime fom CAS precharge |wmcP [ao | | a5 | | 40 

CEsccecsine  ——SC*dOeA | Ce |] ~~  e] oo] mm | 
DF dia doy oe [| [pe] 
CupubuterumatideaytinetomoE foez | o 1 i|o || o || = | 13 

OE sere eae 


ime (C- = 
CRS hatin (Boot eet) rows [so] [20 [ [oo | [re Dae] | 


ELECTRONICS | agg TERE 


_ TARGET 
KM44V16000A, KM44V16100A_—. CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 


Random readorwrtecycietime [anc | 1 fas [15] | ne | 
Read-modiy-wrte cietime _—~(wAWO | 188] [160] | 190 | [ne | 
Access time irom RRS ——~SCSC~sr SYS | fs | | ne [paton 
Access time fromCRS——~—~S~S~s SY | (| ao | i es | ne | ae 
Access ime rom column adaress «tA 


RAS pulse width 


RAS holdtime = Sd tRSH | (18 | 

cASholdtime = —™—=i tHe | 85 | fos || 5 
[Column addresstoRASleadtime | traL_| 30] | 35 | =| ao] | ns | | 
CAS toWdelaytime =——ss——sif tcwo | 47 | =| 45 [| [ss[ | ns | 7 | 
RAS toWdelaytime | ~~ | trwo | 7@{ | 90 | | 105/ | ns | 7 | 
[Column address to Wdelaytime =| tawd | 63] | 60 | | 70| | ns | 7 | 
[FastPage mode cycletme —=ss—s || tec, =| 40 | =| 45 | | so | | ns | | 
[Fast page mode read-modify-write cycle time| tpRwc| 81 | | 90 | | 105 =| ns || 
_|RAS pulse width (Fast page cycle) | tRASP | 55 | 200K| 65 |200K| 75 | 200K ns | | 
[AccesstimeformCAS precharge | tcpa | | 35| =| ao | =| as | ns | 3 
SEeomesting ER we} | tam 
see oi [tos | fl ns | 
oe eee ee 


ELECTRONICS 


TARGET 


KM44V16000A, KM44V16100A CMOS DRAM 
NOTES 


1. 


13. 


14, 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

Vik(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vi.(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 100pF and Voh=2.0V(lout = -2mA), Vol=0.8V(lout = 2mA) 
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. . . 


. Assumes that tRCD> tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or Vot. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), 
tRWD=2=tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W 
leading edge in read-modify-write cycles. 
Operation within. the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 


_ are ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
“controlled by tAA. 

. These specifications are applied in the test mode. 

' In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 


values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. . 

8192(8K Ref.)/4096(4K Ref.) cycles of burst refresh must be executed within 64ms belore and after 
self refresh, in order to meet refresh specification. 
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PACKAGE DIMENSIONS CMOS DRAM 
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a (0.20) 
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32 SOU 400 mil . Unit : Inches (millimeters) 


0.380 (9.65) 


0.006 (0.15) 
0.012 (0.30) 


0.037 (0.95) . 
0.032 (0.81) 
0. 


0.021 (0.53) 


34 SOU 500 mil Unit : Inches (millimeters) 


0.480 (12.19) 


0.006 (0.15) 
0.012 (0.30) . 


0.037 (0.95) ; 
0.032 (0.81) 


0.015 (0.38) 
0.021 (0.53) 
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PACKAGE DIMENSIONS _ oo CMOS DRAM 
PLASTIC SMALL OUT-LINE J-LEAD 


40SO¥J 400 mil Unit : Inches (millimeters) 


0.435 (11.06) 


> 0,006 (0.15) 
0.012 (0.30) 


0.037 (0.95) 


0.021 (0.53) 


42 SOJ 400 mil | . Unit : Inches (millimeters) 


ay 
s 
8 
< 
Qo 


> 0,006 (0.15) 
0.012 (0.30) 


0.037 (0.95) 


0.021 (0.53) 


ELECTRONICS | 


PACKAGE DIMENSIONS __CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) 
(Forward and Reverse Type) 


20(26) TSOP(II) 300 mil Unit : Inches (millimeters) 


0.355(9.02) 


0.371(9.42) 


rile 0.004 (0.10) 
0.001 (0.25) 


0.037 (0.95) 


0.355(9.02) 
0.371(9.42) 


0.300 (7.62) 


0.004 (0.10 
0.010 (0.25) 


0.037 (0.95) 


0.020 (0.50) 


: jo] 
0.050 (1.27) 0.000 (0.00 7, : 
MIN , 0~8° 
0.012 (0,30) 
0.016 (0.40) ~ 


te 


ELECTRONICS 


PACKAGE DIMENSIONS | ____CMOs DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) 
(Forward and Reverse Type) 


/ 24(28) TSOP(II) 400 mil ; Unit : Inches (millimeters) _\ 


0.471 (11.96) 


oe 
o 
= 
So 
= 
8 
z 
oO 


0.037 (0.95) 


n fecssois (1:27) pl leg 2.012 (0.30) jaa 
; 0.020 (0.50) a, \ 
— 
0.016(0.40) 7 


28 TSOP(II) 400 mil | Unit : Inches (millimeters) 


ea a 
e\o 
8 | oy 
whe ta 
|< ° 
Sls. = 
Ble _ 
wo IR Q 
pa 8 
o 3 
ies 3 


49.004 (0.10) 
0.010 (0.25) 


0.047 (1.20) 


0.037 (0.95) 0.050 (1.27) I ’ ’ 
| ‘ ae 
0.012 (0,30) f 
0.020 (0.50) => 
0.016(0.40) 
0.024(0.60) 


ELECTRONICS 


PACKAGE DIMENSIONS | CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


[ 32 TSOP(II) 400 mil Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


0.004 (0.10) 
0.010 (0.25) 


0.047 (1.20) 
MAX 


i= —= 86> ))=||=8=)=)=)=)=)=5 
0.037 (0.95) | | 0.050 (1.27) i : \\ ; 
MIN wes 
0.012 (0.3 ay, 
0.020 (0.5) 0~8° 
0.016 (0.40) 
* 0.024 (0.60) 


/40(44) TSOP(II) 400 mil Unit : Inches (millimeters) | 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


0.741 (18.81) 
MAX 


0.004 (0.10) 
0.010 (0.25) 


0.721 (18.31) 
0.729 (18.51) 


0.047 (1.20) 
~ MAX 


TT HEE HE BIE ETE 
0.032 (0.80) 0. 031 (0.80) ¥ : 
MIN ae 
0.010 (0.25 a, \\ 
0.018 (0.45) 0~8° 
0.016 (0.40) — 
0.024 (0.60) 


ELECTRONICS 


PACKAGE DIMENSIONS | CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


44(50) TSOP(II) 400 mil 


Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


0.841 (21.35) 
MAX 


0.821 (20.85) 


0.018 (0.45) 


0.016 (0.40) | 
0.024 (0.60) 


70 TSOP(II) 400 mil Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 


0.400 (10.16) 


0.004 (0.10) 
0.010 (0.25) 


; | | ¢ 0.008 (0.2) 


0.016 (0.4) 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 


Northwest North Central Northeast 
3655 North First Street 300 Park Boulevard 119 Russell Street 
San Jose, CA 95134 Suite 210 Littleton, MA 01460 


ttasca, IL 60143-2636 
TEL: (708) 775-1050 
FAX: (708) 775-1058 


TEL: (408) 954-7000 
FAX: (408) 954-7883 


TEL: (508) 486-0700 
FAX: (508) 486-8209 


Southwest South Central Southeast 
16253 Laguna Canyon Road 15851 Dallas Parkway 802 Greenvalley Road 
Suite 100 Suite 410 Suite 204 


Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 


Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 


Greensboro, NC 27408 
TEL: (919) 370-1600 
FAX: (919) 370-1633 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ALABAMA — 


COLORADO 

SOUTHERN COMPONENT SALES 
307 Clinton Ave. East TEL: (205) 533-6500 FRONT RANGE MARKETING — TEL: (303) 443-4780 
Baas FAX: (205) 533-6578 3100 Arapahoe Road FAX: (303) 447-0371 
Huntsville, AL 35801 Suite 404 

ARIZONA PF elas CO 80303 
O'DONNELL ASSOCIATES _TEL: (602) 944-9542 
2432 W. Peoria Ave. FAX: (602) 861-2615 B/B TECH SALES TEL: (305) 477-0341 
Seiece 3900 N.W. 79th Avenue FAX: (305) 477-0343 
Phoenix, AZ 85029 Suite 636 
O'DONNELL ASSOCIATES _TEL: (602) 797-2047 Miami, FL 33166 
11449 N. Copper Springs Trail FAX: (602) 797-2047 DYNE-A-MARK TEL: (407) 660-1661 
Tucson, AZ 85737 500 Winderley Place FAX: (407) 660-9407 

Suite 110 

CALIFORNIA Maitland, FL 32751 . 
BESTRONICS TEL: (619) 693-1111 PEL W cea kk ue See ee 
9683 Tierro Granda Street FAX: (619) 693-1963 ote ee : (305) 
Suite 102 Fort Lauderdale, FL 33309 
San Diego, CA 92126 DYNE-A-MARK TEL: (407) 725-7470 
I-SQUARED TEL: (408) 988-3400 742 Penguin Ave:, NE FAX: (407) 984-2718 
3355-1 Scott Bivd. FAX: (408) 988-2079 Palm Bay, FL 32905 
SB ioe DYNE-A-MARK TEL: (813) 345-9411 
Santa Clara, CA 95054 7884 Tent Avenue S FAX: (813) 345-3731 
WESTAR REPCOMPANY _TEL: (714) 453-7900 dine sburg, FL 33707 
Laer ra pees PARES) pete SOUTH ATLANTIC COMPONENT SALES 


Irvine, CA 92718 

WESTAR REP COMPANY 

26500 Agoura Rd. 

Suite 204 ; 

Calabasas, CA 91302 
CANADA 

INTELATECH, INC. 

275 Michael Copeland Drive 

Kanata, Ontario K2M 2G2 

INTELATECH, INC. 

3700 Griffith Street 

Suite 93 

St. Laurent, Quebec H4T 1A7 

INTELATECH, INC. 

5525 Orbitor Drive 

Suite 2 

Mississauga, Ontario L4W4Y8 


oa!” 


ELECTRONICS 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


TEL: (613) 762-8014 
FAX: (613) 253-1370 


TEL: (514) 343-4877 
FAX: (514) 343-4355 


TEL: (905) 629-0082 
FAX: (905) 629-1795 


3300 Holcomb Bridge Road 
Suite 210 
Norcross, GA 30092 


ILLINOIS 


DAVIX INTERNATIONAI. LTD. 
1655 N. Arlington Heights Rd. 
Suite 204East 


Arlington Heights, IL 60004 
DIANA 


GEN II MARKETING, INC. 
31 E. Main Street 

Carmel, IN 46032 

GEN Il MARKETING, INC 
1415 Magnavox Way 
Suite 130 

Ft. Wayne, IN 46804 


TEL: (404) 447-6154 
FAX: (404) 447-6714 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


TEL: (219) 436-4485 
FAX: (219) 436-1977 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 


IOWA 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


4001 Shady Oak 
Marion, IA 52302 
KANSAS 


TEL: (319) 377-1129 
FAX: (319) 377-1539 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


8843 Long St. 

Lenexa, KS 66215 
KENTUCKY 

GEN li MARKETING, INC. 

4012 Dupont Circle 

Suite 414 

Louisville, KY 40207 


_ MASSACHUSETTS 


NEW TECH SOLUTIONS, INC. 


111 South Bedford Street 
Suite 102 


Burlington, MA 01803 
MICHIGAN 


MICROTECH SALES 

9357 General Drive 

Suite 116 

Plymouth, MI 48170 
MINNESOTA 

GP SALES, INC. 

7600 Parklawn 

Suite 315 

Edina, MN 55435 
MISSOURI 


TEL: (913) 888-0022 
FAX: (913) 888-4848 


TEL: (502) 894-9903 
FAX: (502) 893-2435 


TEL: (617) 229-8888 
FAX: (617) 229-1614 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


TEL: (612)831-2362 
FAX: (612) 831-2619 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


11520 St. Charles Rock Rd. 
Suite 131 
Fadi ait MO 63044 
NEW YORK 
NEPTUNE ELEC. 
‘255 Executive Dr. 
Suite 211 
Plainview, NY 11803 
T-SQUARED 
6170 Wynmoor Drive 
Cicero, NY 13039 
T-SQUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 
T-SQUARED 
1790 Pennsylvania Avenue 
Apalachin, NY 13732 
NORTH CAROLINA 


TEL: (314) 298-9900 
FAX: (314) 298-8660 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


TEL: (315) 699-1559 
FAX: (315) 699-1705 


TEL: (716) 924-9101 
FAX: (716) 924-4946 


TEL: (607) 625-3983 
FAX: (607) 625-5294 


SOUTH ATLANTIC COMPONENT SALES 


5200 Park Road 
Suite 103 
Charlotte, NC 28209 


TEL: (704) 525-0510 
FAX: (704) 525-9714 


SOUTH ATLANTIC COMPONENT SALES 


4904 Waters Edge Drive 

Suite 268 

Raleigh, NC 27606. 
OHIO 


TEL: (919) 859-9970 
FAX: (919) 859-9974 


J.N. BAILEY & ASSOCIATES — TEL: (513) 687-1325 


129 W. Main Street 
New Lebanon,OH 45345 


FAX: (513) 687-2930 


J.N. BAILEY & ASSOCIATES TEL: (614) 262-7274 


3591 Milton Avenue 
Columbus, OH 43214 


ei” 


ELECTRONICS 


FAX: (614) 262-0384 


J.N. BAILEY & ASSOCIATES — TEL: (216) 273-3798 


1667 Devonshire Drive 

Brunswick,OH 44212 
OREGON 

ATMI 

4900 SW Griffith 

Suite 155 

Beaverton, OR 97005 
PENNSYLVANIA 


CMS SALES & MARKETING 


527 Plymouth Road 
Suite 420 


Plymouth Meeting, PA 19462 


PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 


' FAX: (216) 225-1461 


TEL: (503) 643-8307 
FAX: (503).643-4364 


TEL: (215) 834-6840 
FAX: (215) 834-6848 


TEL: (809) 892-4260 
FAX: (809) 892-3366 


TEXAS 
O'DONNEL ASSOCIATES TEL: (915) 778-2581 
5959 Gateway West FAX: (915) 778-6429 
Suite 558 
El Paso, TX 79925 : 
VIELOCK ASSOCIATES TEL: (214) 881-1940 
555 Republic Drive FAX: (214) 423-8556 
Suite 105 
Plano, TX 75074 
VIELOCK ASSOCIATES TEL: (512) 345-8498 


9430 Research Bivd. 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 


FAX: (512) 346-4037 


VIELOCK ASSOCIATES TEL: (713) 974-3287 
10700 Richmond Avenue FAX: (713) 974-3289 
Suite 108 
Houston, TX 77042 

UTAH 


FRONT RANGE MARKETING, INC. 


488 E. 6400 South 

Suite 280 

Murray, UT 84107 
WASHINGTON 

ATMI 

8521 154th Ave., NE 

Redmond,WA 98052 
WISCONSIN 


TEL: (801) 288-2500 
FAX: (801) 288-2505 


TEL: (206) 869-7636 
FAX: (206) 869-9841 


DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 


EUROPE GmbH 

Am Unisyspark 1, 

65843 Sulzbach (Germany) 
TEL: 0049-6196-582-06 
FAX: 0049-6196-750-345 


SAMSUNG SEMICONDUCTOR 


MUENCHEN OFFICE 
Cari-Zeiss-Ring 9 
D-85737 Ismaning bei 
Muenchen 

TEL: 0049-89-964838 
FAX: 0049-89-964873 


MILANO OFFICE 
Viale G. Matteotti, 26 
1-20095 Cusano 
Milanino 

TEL: 0039-2-66400181 
FAX: 0039-2-6192279 


LONDON 

Samsung House 
225 Hook Rise South 
Surbiton 

Surrey 

KT6 7LD 


BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckley, 
Leicestershire LE10 
1EQ 

TEL: 0044-455-891111 


PARIS OFFICE 

Centre d'Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 


TEL: 0033-1-40940700 
FAX: 0033-1-40940216 


92357 Le Plessis-Robinson 


STOCKHOLM 


OFFICE 


Bergkaeliavaegen 32 
PO. Box 319 
$-19130 Sollentuna 
TEL: 0046-8-6269626 
FAX: 0046-8-6268638 


TEL: 0044-81-3914550 
FAX: 0044-81-9742540 


FAX: 0044-455-612345 


BARCELONA OFFICE 
C. Provenza, 5193-1 
E-08025 Barcelona 
TEL: 0034-3-4-504876 
FAX: 0034-3-4-331944 


BELGIUM OFFICE 
Rue de Geneve 10, 
B3 B-1140 Brussels 
TEL: 0032-2-2456510 
FAX: 0032-2-2456313 


SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 


EUROPE 


BELGIUM 
DANE-LEC BELGIUM 


91-93 Rue J.D. Navez TEL: 

B-1210 Bruxelles FAX: 
DENMARK. 

EXATEC A/S 

Mileparken 20E TEL 

DK-2740 Skoviunde FAX 

MIKO KOMPONENT AB 

Segersbyvaegen 3 TEL 

S-14502 Norsborg FAX 
FINLAND 

TAHINIK OY 

P.O. Box 125 TEL 

SF-00241 Helsinki FAX 

OY FINTRONIC AB 

Pyyntitie 3 TEL 

SF-02230 Espoo FAX 
FRANCE 

MEGACHIP 

7 avenue du Canada TEL 

ZA de Courtaboeuf FAX 

91966 LES UILIS Cedex 

FRANCE 

SCAIB 

80 Rue d'Arcueil TEL 

Silic 137 FAX 

94523 RUNGIS Cedex 

FRANCE 


Pons uNad 


0032-2-2167058 
0032-2-2166871 


: 0045-44927000 
: 0045-44926020 


: 0046-853189080 
: 0046-853175340 


: 00358-1482177 
: 00358-1482189 


: 00358-0887331 
: 00358-088733342 


: 0033-1 -69290404 
: 0033-1-69290039 


: 0033-1-46872313 
: 0033-1-45605549 


GERMANY 


ASTRONIC GmbH 
Gruenwalder Weg 30 
D-82041 Deisenhofen 


TEL : 0049-89-6130303 
FAX : 0049-89-6131668 


CANNING ELECTRONIC DISTRIBUTION CED GmbH 
Laatzener Str. 19 TEL : 0049-511-87640 
D-30539 Hannover Delete FAX : 0049-551-8764160 


MSC VERTRIEBS GmbH 
Industrie Str. 16 
D-76297 Stutensee 3 


TEL : 0049-7249-9100 
FAX : 0047-7249-7993 


MICRONETICS GmbH 


Dieselstrasse 12 
D-71272 Renningen 


TEL : 0049-7159-92583-0 
FAX : 0049-7159-9258355 


SILCOM ELECTRONICS VERTRIEBS GmbH 
Hindenburg Str. 284 TEL : 0049-2161-15074 
D-41061 Moenchengladbach FAX : 0049-2161-183313 


ITALY 


DEUTSCHE ITT INDUSTRIES GmbH 
Viale Milanofiori E/5 TEL : 0039-2-824701 
!-20090 Assago Mi FAX : 0039-2-8242631/8242831 


FANTON COMPONENTS BOLOGNA S.R.L. 
Via O. Simoni, 5 TEL : 0039-51-735015 
I-40011 Anzola dell’ Emilia FAX : 0039-51-735013 


RAFI ELETTRONICA SPA 
Via Savona 134 TEL : 0039-2-48300431 
1-20144 Milano FAX : 0039-2-428880 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THE NETHERLANDS 


MALCHUS BV HANDELMIJ 
Fokkerstraat 511-513 TEL: 0031-10-4277777 
Postbus 48 FAX: 0031-10-4154867 
NI-3125 BD Schiedam 


SPAIN 


SEMICONDUCTORS S.A. 

Ronda General Mitre TEL: 0034-3-2172340 
240 Bis FAX: 0034-3-2176598 
E-08006 Barcelona ; 


SWEDEN 


MIKO KOMPONENTS Sa 
Segersbyvaegen 3 TEL : 0046-853-189080 


P.P. Box 2001 FAX : 0046-853-175340 
$-14502 Norsborg 


SWITZERLAND 


ELBATEX AG 
Hard Str. 72 
CH-5430 Wettingen Schweiz 


UNITED KINGDOM 


MAGNATEC 
Coventry Road 
Lutterworth 
Leicestershire 
LE17 4JB 


ICE ELECTRONICS LTD. 
31-32 Stephenson Road - 
Burrel Road Industrial Estate 
St. Ives 

Cambridgeshire 

PE17 4WJ 


TEL: 


FAX 


TEL 
FAX 


TEL: 
FAX: 


0041-56275511 


: 0041-56275532 


> 0044-455-554711 
> 0044-455-552612 


0044-480-496466 
0044-480-496621 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 
ASIA 


HONG KONG SYNTHESIS SYSTEMS DESIGN, LTD.. 


AV. CONCEPT LTD. 


Unit 11-15, 11/F1, Block A, TEL : 3347333 
Focal Industrial Centre FAX : 7643108 
21 Man Lok Street, Hunghom, 

Kowloon, Hong Kong 

PROTECH COMPONENTS LTD. 


Unit 2,3/F, Wah Shing Centre, 
11 Shing Yip Street, 

Kwun Tong, Kowloon, 

Hong Kong 


TEL : 7930882 
FAX: 7930811 


WISEWORLD ELECTRONICS LTD. 


Room 708, Tower A, 7/Fi., TEL : 7658923 
Hunghom Commercial Centre, FAX : 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

‘Kowloon, Hong Kong 


_ 1BDT HK LTD. (CHINA AREA) 
Unit 2, 23rd floor, 
Westlands Center, 
No.20 Westlands Road, 
Quarry Bay, Hong Kong 


TEL : 565-5898 
FAX: 564-5411 


SOLARBRITE ELECTRONICS LTD. 
(CALCULATOR & WATCH) 


Unit 1, 11/F, Tower 1, Harbour 
Centre, 1, Hok cheung 
St, Hunghom, Kowloon, 


TEL : 3633233 _ 
FAX : 3633900 
TLX : 52543 SECL HX 


Hong Kong 

ATLANTIC COMPONENTS LTD. 
(MEMORY & PC) 

Unit 502, 5/F, Tower til, TEL: 7991996 
Enterprise Square, FAX! 7559452 


9 Sheung Yuet Road, Kowloon Bay, 
Kowloon, Hong Kong 


LISENG & CO. 

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Flat B&C, 6/F, Four Seas TEL : 5431338 
Communication Bank Bldg, FAX: 5442602 
49-51 Bonham Strand 

West, Hong Kong 


‘SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/SBIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, TEL : 418-0988 
Metroplaza, Kwai Fong, FAX: 418-0887 
N.T., Hong Kong 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4,5/F1., 

Yuen Shing Ind. Bidg., 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 


TEL: 7862611 
FAX: 7856213 
TLX : 45876 MYK HX 


(ASIC DESIGN HOUSE) 


Unit 4,12/F Chai Wan ind. City, TEL 
Phase 2, No. 70, Wing Tai Road, FAX 
Chai Wan, Hong Kong 


TAIWAN 


YOSUN INDUSTRIAL CORP. 


7F, No. 76, Sec. 1, TEL 
Cheng Kung Rd. Nan Kang, FAX 
Taipei, R.O.C. 


SANT SONG CORP. 

4F, No.12, Lane 94, Tsao TEL 
Ti Wei, Shen Keng Hsiang, FAX 
Taipei Hsien, Taiwan, R.O.C. 


SUPREME ELECTRONICS CO., LTD. 
18Fl., No.67, Section 2, 
Tun hwa S. Road, 
Taipei, Taiwan, R.O.C. 


JAPAN 


TOMEN ELECTRONICS CORP. 


1-1 Uchisaiwa-Cho 2 Chome TEL 
Chiyoda-Ku Tokyo, 100 Japan FAX 


RIKEI 

Nichimen Bidg., TEL: 
2-2 Nakanojima 2 Chome, FAX: 
Kita-Ku, Osaka, 530 Japan 

ISECO 

26-3, Kitamagome 2 Chome, TEL: 
Ota-Ku, Tokyo, 143, Japan FAX: 
ADO 

7F Sasage Bldg., TEL: 
4-6 Sotokanda 2 Chome FAX: 


Chiyoda-Ku Tokyo, 101 Japan 


MARUBUN 


8-1 Nihombashi-Odenma-Cho TEL: 
Chuo-Ku Tokyo, 103 Japan FAX: 


SAMSUNG JAPAN 


17F, Hamacho Center BLDG. TEL: 
2-31-1, Nihonbashi-Hamacho FAX: 


Chuo-ku, TOKYO 103 JAPAN 


> 557-1102 
: 889-2962 


: (02)788-1991 
: (02)788-1996 


: (02) 662-7829 
: (02) 662-0781 


TEL : (02) 7023258/7023278 
FAX : (02) 7063196 


: (03) 3506-3654 
: (03) 3506-3497 


(06) 201-2081 
(06) 222-1185 


(03) 3777-3611 
(03) 3777-3614 


(03) 3257-2600 
(03) 3251-9705 


(03) 3639-9897 
(03) 3661-7433 


(03) 5641-9651 
(03) 5641-9713 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


SINGAPORE 


ASTINA ELECTRONIC(S) PTE LTD. 

203, Henderson Road TEL : 65-2769997 
#12-08 Henderson Industrial Park, FAX : 65-2769996 
Singapore 0315 


BOSTEX ELECTRONICS PTE LTD.. 
No.221 Henderson Road TEL : 2765130 
#04-06 Henderson Building FAX : 2765132 


Singapore 0315 


SAMSUNG(THAILAND) CO., LTD. 

15th Fl. Sathorn Thani Bidg., TEL: 662-2367642-5 
92/40-41 North Sathorn Road FAX: 662-2368049 
Bankok 10500, Thailand . 


SOUTH-WEST ELECTRONICS PTE LTD. 

30 Kallang Pudding Road, TEL: 7431813 
* #04-04 Valiant.Industrial Bldg., FAX: 7471128 

Singapore 1334 


SYARIKAT SAMSUNG ELECTRONICS(S) PTE LTD. 
Suite 9-2, Menara Penang TEL : 229-1670~1 
Garden 42A, Jalan Suitan FAX : 229-1678 
Ahmad Shah 10050 Penang, 

Malaysia 


VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 


YIC SINGAPORE PTE, LTD. 

623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65-7477019 
Singapore, 1438 


SAMSUNG SINGAPORE PTE, LTD. 

4,SHENTON WAY, #18-01/10 TEL : 65-5352808 
Shingwan House, FAX : 65-2772792 
Singapore 0106 


WESTECH ELECTRONICS CO., LTD. 

77/113, Ladprao SO! 3, TEL : 662-512-2751 
Ladyao, Jatujak, Bangkok FAX : 662-512-5531 
10900, Thailand 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. ; 

100, Dadasaheb Phalke Road, TEL: 4114585 

Dadar, Bombay 400 _ FAX: 4112546 

014 : TLX: 001-4605 PDT IN 


Pins une 


TURKEY 


ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmet Rasim —s TEL: 337-2245 
Sok No. 16 Kadikoy Istanbut, FAX: 336-8814 


Turkey TLX: 29569 elts tr 
CHINA 

IBDT(HK) LTD. (SHANGHAI LIAISON OFFICE) 

Rm 501, TEL : (021) 4316170 


750 Zhao Jia Bang Rang Road, FAX: (021) 4316170 
Shanghai, China 


KOREA 
NAEWAE SEMICONDUCTOR CO.,LTD. __ 
Bangbae Center Bldg., TEL: (02)595-1010 


875-5, Bangbae-4dong, 
Seocho-ku, Seoul, Korea 


FAX: (02)595-7888 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 

4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bidg., 718-9531 —5 
16-9, Hankangro-3ka, FAX: 718-9536 
Yongsan-ku, Seoul, Korea 


NEWCASTLE SEMICONDUCTOR CO., LTD. 


4th Fl. Room 410-411, TEL: 718-8531—4 
Electronics Main Bldg., FAX: 718-8535 
16-9, Hankangro-3ka, 

Yongsan-ku, Seoul, Korea 

HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATION CO., LTD. 


#302, Monami Bidg., 125-20, TEL: (02)542-4123 
Chungdam-dong, Kangnam-ku, FAX: (02)542-2454 
Seoul, Korea 


SEGYUNG INTERISE CORP. 

Dansan Bldg., 301, 7-44 - TEL : (02)469-3511 
Hwayang-dong, Sungdong-ku, FAX: (02)469-7966 
Seoul, Korea 


SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 


TEL : (02)273-6781 
FAX: (02)275-9448 
TLX : K24950 SUKSEMT 


SAMTEK 

3/4 FL. Chungju Bldg., 
156-16, Samsung-dong, 
Kangnam-ku, Seoul, Korea 


TEL : (02)538-4400 
FAX: (02)538-4338—9 


SUNIN TRADING CO., LTD. 

Sunin Bidg., 7FI., 16-8, TEL: (02)702-1257—8 
Hankangro-2ka, Yongsan-ku, __~ FAX: (02)704-0997 
Seoul, Korea ’ 
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ARIZONA 
ADDED VALUE 
7741 East Gray Road 
Suite 9 
Scottsdale, AZ 85260 


CALIFORNIA 
ADDED VALUE 
1582 Parkway Loop 
Unit G 
Tustin, CA 92680 
ADDED VALUE 
5752 Oberlin Drive 
Suite 105 
San Diego, CA 92121 
ALL AMERICAN 
369 Van Ness Way 
Unit 701 
Torrance, CA 90501 
ALL AMERICAN 
2360 Qume Drive, Suite C 
San Jose, CA 95131 
ALL AMERICAN 
5060 Shoreham Place 
Suite 200 
San Diego, CA 92122 
LEC, 


9940 Business Park Drive 
Suite 145 

Sacramento, CA 95827 
ITT Components 

18 Technology Drive 
Irvine, CA 92718 

ITT Components 

1580 Oakland Road 
Suite C102 

San Jose, CA 95131 
JACO 

1541 Parkway Loop 
Suite A 

Tustin, CA 92680 
JACO 

2282 Townsgate Road 
Suite 100 

Westlake Village, CA 91361 
JACO 

2880 Zanker Road 
Suite 202 

San Jose, CA 95134 


CANADA 
ACTIVE 
237 Hymus Boulevard 
Point Claire, Quebec HOR 5C7 
ACTIVE , 
100 S.E. Marine Drive 
Vancouver, BC V5X 2S3 
ACTIVE 
100 Lombard Street 
Toronto, Ontario MSC 1M3 
ACTIVE 
5651 Ferrier Street 
Montreal, Quebec H4AP 1N1 


(602) 951-9788 
FAX: (602) 951-4182 


(714) 259-8258 
FAX: (714) 259-0828 


(619) 558-8890 
FAX: (619) 558-3018 


(800) 831-8300 
(213) 320-0240 
FAX: (213) 320-7207 


(408) 943-1200 
FAX: (408) 943-1393 


(619) 458-5850 . 
FAX: (619) 458-5866 


(916) 363-6030 
FAX: (916) 362-6926 


(714) 727-4001 
FAX: (714) 727-2109 
(408) 453-1404 
FAX: (408) 453-1407 


(714) 258-9003 
FAX: (714) 258-1909 


(805) 495-9998 


(800) 266-1282 
FAX: (805) 494-3864 


(408) 432-9290 
FAX: (408) 432-9298 


(514) 694-7710 
FAX: (514) 697-8112 


(604) 324-7500 
FAX: (604) 324-3100 


(416) 367-2911 
FAX: (416) 367-4706 


(514) 731-7441 
FAX: (514) 731-0129 


SAMSUNG SEMICONDUCTOR DISTRIBUTORS 


CANADA (Continued) 
ACTIVE 
3220 Sth Avenue, N.E. Bay 2 
Calgary, Alberta T2A 5N1 
ACTIVE 
106 King Edward St., E 
Winnepeg, Manitoba R3H ON: 
ACTIVE | ; 
1350 Matheson Bivd, Unit 2 
Mississauga, Ontario L4W 4Ml 
ACTIVE 
6029 103rd St. 
Edmonton, Alberta T6H 2H3 
ACTIVE 
1990 Bivd. Charest O. 
Ste-Foy, Quebec G1N 4K8 
ACTIVE 
1023 Merivale Road 
Ottawa, Ontario K1Z 6A6 
ACTIVE 
6080 Metropolitan East 
Montreal, Quebec H1S 1A9 


COLORADO 
ADDED VALUE 
4090 Youngfield 
Wheatridge, CO 80033 
LE.c. 
420 East 58th Avenue 
Denver, CO 80216 
LE.c. 
5750 North Logan Street 
Denver, CO 80216 
Q.P.S. 
14291 E. 4th Avenue 
Bidg. 7, Unit 208 
Aurora, CO 80011 


FLORIDA 
ALL AMERICAN 
16085 NW 52 Avenue 
Miami, FL 33014-9317 
ALL AMERICAN 
§009 Hiatus Road 
Sunrise, FL 33351 
JACO 
1060 Holland Drive 
Suite 3K 
Boca Raton, FL 33487 
RM ELECTRONICS 
581 East St. Rte. 434 
Longwood, FL 32750 


ILLINOIS 
LE.C. 
2200 N. Stronington Ave., 
Suite 210 
Hoffman Estates, IL 60195 
QPS 
101 E. Commerce Dr. 
Schaumburg, IL 60173 


(403) 235-5300 
FAX: (403) 248-0750 


(204) 786-3075 
FAX: (204) 783-8133 


(416) 238-8825 
FAX: (416) 238-2817 


(403) 438-5888 
FAX: (403) 434-0812 


(418) 682-5775 
FAX: (418)682-8303 


(613) 728-7900 
FAX: (613) 728-3586 


(514) 256-7538 
FAX: (514) 256-4890 


(303) 422-1701 
FAX: (303) 422-2529 


(303) 292-5537 
FAX: (303) 292-0114 


(303) 292-6121 
FAX: (303) 297-2053 


(303) 343-9260 
FAX: (303) 343-3051 


(305) 621-8282 
FAX: (308) 620-7831 


. (800) 327-6237 


FAX: (305) 749-9229 
(407) 241-7943 
FAX: (407) 241-7950 
(407) 767-8005 
FAX: (407) 767-8165 
(708) 843-2040 


FAX: (708) 843-2320 


(708) 884-6620 
FAX: (708) 884-7573 
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INDIANA 
RM ELECTRONICS 
1329 W. 96th Street 
Suite 10 
Indianapolis, IN 46260 


MARYLAND 
ALL AMERICAN 
14636 Rothgeb Dr. 
Rockville, MD 20850 
JACO 
Rivers Center 


10270 Old Columbia Road 


Columbia, MOD 21046 


MASSACHUSETS 
ALL AMERICAN 
107 Audubon Road 
Suite 104 
Wakefield, MA 01880 


JACO 
1053 East Street. 
Tewksbury, MA 01876 


MICHIGAN 
RM ELECTRONICS 


4310 Roger B. Chaffee Drive 


Grand Rapids, Mil 49508 


MINNESOTA 
ALL AMERICAN 
11409 Valley View Road 
_ Eden Prairie, MN 55344 


- NEW YORK 


ALL AMERICAN 
711-2 Koehier Ave. 
Ronkonkoma, NY 11779 
CANM/RPC 
200 Buell Rd. 

_ Rochester, NY 14624 
JACO 
145 Oser Avenue 


Hauppauge, NY 11788 . 


NORTH CAROLINA 
JACO 
5206 Greens Dairy Road 
Raleigh, NC 27604 


OHIO 
CAM/RPC 
749 Miner Road 
Cleveland, OH 44143 
CAM/RPC 


733 H. Lakeview Plaza Rd. 


Worthington, OH 43085 


OREGON 
1.E.C. 
6850 S.W. 105th Ave. 
Suite B 
Beaverton, Oregon 97005 


(317) 580-9999 
FAX: (317) 580-9615 


(301) 251-1205 
FAX: (301) 251-8574 


(410) 995-6620 
FAX: (410) 995-6032 


(617) 246-2300 
FAX: (617) 246-2305 


(508) 640-0010 
FAX: (508) 640-0755 


(616) 531-9300 
FAX: (616) 531-2990 


(612) 944-2151 
FAX: (612) 944-9803 


(516) 981-8935 
FAX: (516) 981-3947 


(716) 436-5070 
FAX: (716) 436-5093 


(516)-273-5500 
FAX: (516) 273-5506 


(919) 876-7767 
FAX: (919) 876-6964 


(216) 461-4700 
FAX: (216) 461-4329 


(614) 888-7777 
FAX: (614) 888-9779 


(503) 641-1690 


__ FAX: (503) 646-3737 


PENNSYLVANIA 


CAM/RPC 
620 Alpha Drive 
Pittsburgh, PA 15238 . 


TEXAS 


ALL AMERICAN 

1819 Firman Drive 
Suite 127 ; 
Richardson, TX 75081 
JACO 

1209 N. Glenville Drive 
Richardson, TX 75081 
JACO 

10707 Corporate Drive 
Suite 124 

Stafford, TX 77477 
JACO 

2120-A Braker Lane 
Austin, TX 78758 


UTAH 


ADDED VALUE 

1836 Parkway Blvd. 

West Valley City, UT 84119 
ALL AMERICAN 

4455 South - 700 East 
Suite 301 

Salt Lake City, UT 84107 
1.£.C, 

2117 South 3600 West 

W. Valley City, UT 84119 


_ WASHINGTON - 


1.E.C. 
1750 124th Avenue, N.E. 
Bellevue, WA 98005 


(412) 782-3770 
FAX: (412) 963-6210 


(214) 231-5300 
FAX: (214) 437-0353 


(214) 234-5565 
FAX: (214) 238-7066 
(713) 240-2255 

FAX: (713) 240-6968 


(512) 835-0220 
FAX: (512) 339-9252 


(801) 975-9500 
FAX: (801) 977-0245 


(801) 261-4210 
FAX: (801) 261-3885 


(801) 977-9750 
FAX: (802) 975-1207 


(206) 455-2727 
FAX: (206) 453-2963 


NOTES 
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